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60 68 76 84 92 100 


AGE IN DAYS 

Pio 1 

It IS qintt olnious from our cNjKnmcnts that Mtamm B, in 
adLijiiatc nmounts must bt present in the organism if protamine zinc 
msuhu IS to lead to an increase m appetite In normal rats n e in- 
chned toward tlie idea that the insulin htperalinientation was a 
result of the depression of the blood sugar le\cl = \'itamm B,- 
dcficieiit rats howetcr died in hjpoghccmia without ain increase 
m the food intake whatetcr Our diet was dexised to stud) the 
coiuersion of carholndrate to fat and so is practicalh fat-free 
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Protamine Zinc Insulin upon Appetite 


more light on the mechanism of the insulin hj-perahmentation in 
normal animals,' of gaming information relative to the reason for 
appetite failure when this vitamin os deficient and the question of 
the necessity of vitamin Bi for the conversion of carbohydrate to 
fat ^ “ 

Four groups of six fiO-daj'-old male rats were placed upon a diet* 
composed of vitamin-free casein 20, sucrose 71, standard (Osborne 
and Mendel) salt mixture 4 and dried and pondered autoclaied 
brewer’s yeast free of vitamin Bi 5 parts In addition there were 
10 mg vitamin Bo 10 mg riboflavin and 20 mg nicotinic acid per 
100 g of food This diet was fed to groups A and B Groups C 
and D were given the same diet with the addition of 05% thiamm 
chloride (Vit Bi) Ever} second day each of the rats in all groups 
w'cre given one drop of a fish liver oil containing 60,000 U S P 
Vit A units and 8500 U S P Vit D units per gram 

Figure 1 presents our experimental results All of the groups 
gained well for some 12 da\s after w'hich those (A and B) without 
tlie Bi supplement commenced to lose weight When the food in- 
take was measured after 20 da}s the poor appetite of the Bi-deficient 
rats was ver}' obvious At this time the administration of protamine 
zinc insulin (Squibb’s product in a strength of 40 u per cc) was 
begun Group D on an adequate met were given 2 units subcu 
taneously morning and e\ening Their food intake rapidl} in- 
creased and their weight curve was obMOusly superior to their con- 
trols (Group C) on an adequate ^'*^*^in-deficient group 

IS not charted m Fig 1 but which had a weiaht cur\p about 


w 


hich IS not charted m Fig 1 but which had a weight cur\e about 
ke Group A - ere given Ae 2-unit^insum^^^^^^^^^ 


like Group ^ . 

Lg at 8? dajs of age and all 6 rais in me group died m hfqio- 
"lycemia w ithin 3 da} s Their appetite w as not increased The B.- 
deficient group B were therefore given 1 unit of msuhn each twice 
dSv There was again no increased food intake and 3 of the 6 
rats^died in h}TOglycenha before t en o the 8-da} penod (Sd 
da}s old) when vitamin B. ~ W tins 

time the rats m both groups A f " ^a^ 5 mg 

thiamin chloride in aqueous solu ^ > The food intake 

and body weight ^Xtter than the others 

da} s old 


T> V , and Cliurch, D ^ 


j Swf Chem 1930 


D F WO' n.rn, , 1037, im’ 
j’wel ri.cn, 1938 IIW, 053 “ 


4 W hippie, 

- Whipple, d W G J AiO' > 0S3 

oMcHenrv.E bnreh eufflr.ent tluamin chloodo 

•Their prenons dici cuu, 4 or 


formal 


gro^Tth 
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animals Recenth Pechen has demonstrated a marked similantj 
in the metabolism of radio-calcium and radio-strontium of mice and 
rats This suggested the use of radio-strontium instead of radio- 
calaum in determmmg the rate at v hich alkaline earth ions m the 
plasma are secreted into milk since i^Sr*’ has a half life of 55 da}s 
and emits pure beta-particles at energies a\eragmg about 750000 
elect’’on ^ olts At present there is no significant e\ndence that Imng 
cells can distinguish an element from its radloactl^e isotope. To 
a^old the differences in the rates of absorption from the intestines 
beti\een calaum and strontium, 50 cc of an isotonic solution of a 
mixture of inert and radioacti\e strontium lactate (850 mg of 
strontium ) v hich emitted 112 microcuries of beta radiation per cc 
were giien intraienousK to each of 2 Holstem cows both m the 
fourth month of their lactation period and both producing about 
the same quantiU of milk. The milk was obtained hourh the first 
6 hours after administration and tw ice a dai for the follow ing 4 dai s 
Ten cc aliquots of each of the 28 samples v ere ashed at 400’C 
100 cc portions of the second fourth se\enth and ninth samples from 
each cow v ere placed in 400 cc of eth\l alcohol and agitated at 
irregular inteiwals for 10 da\5 The samples were filtered and the 
filtrates and preapitates ashed separateh 50 cc of the fifth sample 
of one cow \ -as placed in a thick collodion bag on \ hich 2 meters 
of water pressure \ as constantK applied for 72 hours The ultra- 
filtrate and the residue were ashed separateh The \anous ashed 
samples were assa\ed for radioactmtv on a standardized DuBndge 
electrometer and compared with aliquots of the dose of radio-stron- 
tium administered 

CHART I 



i Pw! --r, Ojj* , I^oc Fxi> Bio_ Mo., to 1- ftod. 
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Secretion of Radio-Strontium in Milk 


Rats suffering from vitamin Bi deficiency have an aversion to both 
carbohydrate and protein’ and it is possible that insulin might in- 
fluence the appetite for fat in Bj deficiency but we have found the 
fat appetite less affected than that for carbohydrate in normal rats 
Summary The administration of protamine zinc insulin vhich 
leads to a marked hyperalimentation in normal rats is witliout effect 
upon the depressed appetite of rats suffering from vitamin Bi de- 
ficiency These deficient rats succumb in hypoglycemia without an 
increase in their food intake when the insulin is administered When 
thiamin chloride is given to Bi-deficient rats their appetite responds 
not only to the vitamin therap> but to protamine zinc insulin as do 
normal animals 
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Secretion of Radio-Strontium in Milk of Two Cows Following 
Intravenous Administration * 

L A Erf,! and Charles Pecher % (Introduced by J H 
Lawrence ) 

From CrocUr Sadiation Laboratory, Vmverniv of CaXxforma, Berlelcy, California 

The composition of milk of cons vanes markedly and is quickly 
influenced by the food ingested To the pediatrician interested m 
infant nutrition tins fact carries great significance To determine, 
ultimately, the percentage of ingested calcium that is normally 
secreted in the milk of cows, the following preliminary experiment 

Method Harold Walke, ct al ^ have shonn that the only radio- 
calcium isotope suitable for biological inv^tigaUon is joCa^° How- 
ever the poor jueld of this isotope and the softness of its emitted 
radiations prohibit, at t he present time, its use as a tracer m l arge 

fii^hter, C P, Holt, L E, Barelare, B, and HawkcB7c~377;;;" y 

S'tfSaTthe creiv the BerMcy for producing 

SrS9 used nnd Dr O tV Schnlm of the Department of Veterinary Science, 
^orma, .ho secured for « 

reported here .as aided by a grant from the John nnd Mary B Marhlo Foundation 

for Medical Research 

f Wm B Kenan, Jr , Eesearcl. Fello. 
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Determination of Vitamin B, Requirement of Infants by Means 
of Urinary' Excretion of Thiamin 

Eli2\beth M Knott (Introduced b^ Frederic W Schlutz ) 

From the Department of Pediatries ‘ Cnirersitv of Chieapo 

In order to determine the lei el of ntamin B, intake which will 
gne optimum conditions for deielopment for the loung infant a 
series of 5-da\ balance studies ha\e been conducted on each of 12 
health! male infants during the first 6 months of their Ines Thus 
far a total of 9S metabolism periods haie been completed The 
Mtamm Bi intake ot the infants has been controlled either through 
the amount and tipe of milk fed each dai or bi the additions of pure 
thiamin to the formulas The range of total intake has been from 
21 to 313 units of thiamin per da\ Periodicalh for each infant 
quantitatne collections of urine and feces ha\e been made for 5 
consecutne dais These materials as well as the larious milks 
hai e been a«sai ed biologicalli for their thiamin content 

It was apparent earli m the studi that infants had absorbed 
thiamin from milk formulas len completeli since onli small quan- 
tities of the iitamm were excreted m the stools and m general the 
amounts of thiamin excreted in the urine increased with increases in 
intake In the accompanimg chart the amounts of urinan thiamin 
haie been plotted m relation to the intake \ studi oi these plotted 
results reieals 2 shifts in the pattern of urman excretion which 
seem significant Below 80 units of intake per dai a constantli low 
qiiantiti oi thiamin was excreted m the urine A.t 140 units or 
more of intake the thnmin appeared to be excreted in much larger 
amounts as higher Iti els of the i itamm w ere fed The ai erage urman 
thiamin for «iicccssiic increments oi 20 units of intake were as 
lollows 6 6 4 — 19 22 3-1 — 17 104 77 76 34 1 IS 83 90 96 
The 2 bars are placed in the sequence at 80 and 140 units of intake 
per dai Thc'-e data ^eein to indicate that 80 units mai be the mini- 
mum re-quiremeiit and 140 units the maximum amount needed for 
this age inlant Perhaps the range trom 100 to 1 aO units of thiamin 
niai he considered the optimum intake for a loung healthi infant 
and that alxiie this leicl of ingestion excess iitamin is excreted 
rapidh in the urine The optimum tor the hahi howeier eruinot 
be determined hi e’cononii of iitamin alone and infants mai require 
a considerable continuous wastage 

* 'ineo in tlir prij^nr lion of tlicn nn*<rnl< furni<horl ]ir tlit j r 

<onno) of Work« I’rojcv \dmini< rrtton Oflicxnl No 
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Secretion of Radio-Strontiom in jMilk 



Results The accompanjing graph and diart re\eal that 11% 
of the dose of radio-strontiuni administered to the first coi\ was 
found in the 34 355 cc of milk secreted du-ing tlie first 4^ dajs, 
and 7 88% in tlie 27 135 cc of milk secreted b) the second cow' during 
the same period The percentages of the dose found per 100 cc of 
milk from the two cows were almost identical (graph) The great- 
est amounts of radio-strontium were found in the milk during the 
first few hours follownng administration This suggests that much 
of the calcium found in milk may be derned from that present m 
the diet, and Pecher has shown, m mice that some is derned from 
that most recenti} deposited in tlie trabecular portion of bones 
97-99% of nsSr®” in all the samples studied was present in the pre- 
cipitate of the alcohol-milk muxture and only 16% passed through the 
collodion bag as an ultra-filtrate It is impossible to separate the 
calcium phosphate-calcium casemate complex of milk and from 
the above findings it is clear that it is essentially impossible to separate 
the strontium complex also 

Suiuinarv 7 88% and 11% of a dose of radio-strontium were 
secreted m the milk of two Holstein cows during 4)4 dajs follow- 
ing its intra\enous administration 
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The usual method of administration consists of subcutaneous or 
intramuscular injections It would be highly advantageous if one 
could administer estrogens in effective amounts without submitting 
the patient to the annoyance of repeated injections Although it 
has been shown that estrogens are absorbed through the skm and 
the intestinal tract, neither method is satisfactory for therapeutic 
purposes 

In the present communication, we wish to describe a method for 
administering estrogens which is both simple and effective. It 
consists of sublingual administration of a-estradiol m a propylene 
glycol solution * The solution contains 0 5 mg of a-estradiol per cc of 
propylene glycol Four drops arc placed under the tongue and the 
patient is instructed not to swallow for fi\e minutes This can be 
done several times a day 

The present study was performed on a series of S women wutli 



Fia 1 

Piticnt S n npp 54, rocnopnn»c 0 vnrs ngo Pre trcitmcnt vaginal stnear 
revealing marked degree of catrogen dcGelcncy 

• For the materials used in this investigation, vc are indebted to Dr Edward 
Henderson, of tlie Sehtring Corporation, Bloomfield, N J 
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Buccal Absorption of c-Estradiol 


VITAMIN B| METABOLISM STUDIES ON 12 INTANTS ACE 1-6 MONTHS 

UWHAJrr TMtAUW rW«CASCD at nRJT BT STEfSC -ncH RAWCY WITH IXBtASCO IHTA«t 



CACH DOT IS T>C AVCAACt fOU ML itTAHT OCTIAlillHCD DimjNC A J*OAY UtTA50USW PtJUOO 

In order to determine thiamin requirements more exactly we have 
also studied the amounts of cocarboxylase found m the blood of 
young infants Preliminary results show that at an intake increasing 
from 42 to 56 units of thiamin per day during 9 weeks of study, 
one infant was not able to maintain the level of his blood vitamin, 
whereas a second infant did maintain the level of cocarboxylase in 
his blood when given an intake ranging from 49 to 58 units of 
thiamin per day over die same period This second infant, however, 
was the best infant we have ever studied so far as utilization of 
nutrients is concerned, and it is probable that the minimum re- 
quirement for the average infant is above the level of 60 units of 
thiamin per day which these infants received These blood data tend 
to substantiate die conclusion based on urinarj^ excretion that 80 
units of intake represent the minimum requirement Further in- 
vestigations are now under w'ay to determine the lowest thiamin 
intake which is compatible with health, and also the optimal amounts 
of vitamin B. for the best development of the infant 
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Buccal AbsorpUon of a-Estradiol in Propylene Glyeol 
Udall J Salmon and Samuel H Geist 

From the Mt Sinai hospital, Xew Tori 


In the 
necessary 


treatment of estrogen deficiency states, it is frequently 
to administer estrogens for prolonged periods of time 
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gljcol The published reports, to date, agree as to the absence of 
toxic effects unless administered in large doses 

Discussion A simple and economical method of administering 
estrogens for therapeutic purposes is described This method con- 
sists of instilling se\eral drops of a solution of a-estradiol in 
propjlene glycol in the sublingual space Definite morphologic eii- 
denceof absorption (demonstrated b\ characteristic estrogenic effects 
in the histologic sections of the \aginal mucosa and vaginal smears) 
was noted in all cases at the end of one neek with dad) doses of 
0 2 and 0 3 mg of a-estradiol 

Although experimental studies appear to indicate that, in the 
small doses used, propylene glycol has no toxic effects further 
studies should be conducted in order to determine what the effect 
of continued administration of these small doses would be Should 
propylene glycol be found to be completely innocuous, this method 
of administration of estrogens offers great promise of simplifying 
and reducing the cost of estrogen therapy 
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Rumen Synthesis of the Vitamin B Complex *y 
M I Wegner, A N Booth, C A Elvehjem and E B Hart 

From the Department of Dtoehemistry, CoUepe of AoneuUure, Vnncrsitii of 

IT rsconftn, Maditon 

Work reported b\ McElroy and Goss' indicates the ability of 
sheep to symthesize sc\eral members of the Mtamin B complex in 

1 \\ cntlicrlii , T II , nnd IlnnR H B,J jlni Phnrm Ivto 1!)38, 27, 4GG 

- Liur, E P O Morns n 1 , nml W ondarG G,J Inthisl flvn 

and Toxirnl 103[), 21, 173 

rllnnilik, P T,Xi«Tiian II W 3 an W mUo, W , T clinian, A T ami K^>nn('d^, 
X K J Phnrm and Fxp Thrr l‘'3'l, 07 101 

3 Spldinfcld 31 A and Ilaiizlik P T / Pharm anil J- xp Thrr 1933,44,100 
Hanzlik, P I , Loliinan V T , \ an W inUc, W , and Kennedy, X’ K,J Pharm 
nnd Fxp Thrr 1939 07 114 

<■Int^en, \ R , and Molitor II J Pharm and Fxp Thrr 1939 07,89 

• Puldialied vntli the apiinnal at tlie Director of the Wi«eiin<in \pricuUnral 
Etiicnmonf Station 

I Thnnka an ojitended to cH Hondcr«on and Dr Horn W aisman for 
n^siataneo in the pandoiiin and nicotinic acid naaa\f to Georpi Raider for hiotin 
determin ition" and to Ann KirU and Reanc /eman for pantothenic acid and 
ribnfla\in n'aava 

1 McUrnv L W and Poia H J Dial Chrm 1930^ 1*10 439 
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objective evidence (demonstrated by vaginal smearsf and vaginal 
biopsies) of estrogen deficiency The hormone was administered 
3 to 6 times a day Vaginal smears were taken daily and ^aglna! 
biopsies at intervals of 1 to 2 weeks 

Results Characteristic vaginal smear changes indicating an es- 
trogen effect were noted as early as 4 days after the beginning of hor- 
mone administration, with daily doses of 0 3 mg of a-estradio! 
(Figs 1 and 2) Vaginal biopsies at the end of one iieek shoned 
definite evidence of estrogen stimulation No untow ard effects w'ere 
noted as a result of the propylene glycol absorption 

A number of experimental studies in animals and humans ha\e 
been performed wuth regard to the possible toxicity of propjlene 


-r 1 tilcen 4 doTS after beginning of sub lingual administration r 

rrime^r -^^/t^^ure^r!^- 

oLt S H , and SUmon, L J , An, 7 OM and , 1039, 38 39.- 
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TABLE L 
Assay Besnlts 
(*r/g matter ) 


Factor 

Basal ration 

Bnmcn contents 

Rumen contents 
(vitamin Bj 
added to ration) 

Thiamin 

0 

10 12 

> 20 

Hiboflavin 

< 04 

18 6 

20 5 

Nicotinic ncid 

00 

220 

172 

Pantothcnie acid 

< 24 

65 5 

82 5 

Pjndonne 

0 

7 

11 12 

Biotm 

< 0 018 

0 087 

0 250 


In a recent report b}' Knight, ct al the rapid destruction of in- 
gested vitamin C in the rumen was demonstrated The possibility 
existed that the same destruction might occur with members of the 
B complex To investigate this possibility 200 mg of thiamin were 
added to the calf ration (given abo^e) and the rumen contents again 
assayed for the members of the B complex as listed The results 
are recorded in the last column of Table I Since the samples were 
taken 6 hours after feeding and the thiamin content was still appre- 
ctabl} higher than found m the previous experiment destruction of 
this factor m the rumen, if anj, is contraindicated Further, the 
addition of thiamin to the ration apparentl} stimulated the sjmthe- 
sis of the other members of the B complex except nicotinic acid as 
can be readil} seen bv comparing the two experiments, with and 
u ithout added thiamin respectivelv 

The results were obtained through the use of reliable methods 
with a possible exception of nicotinic acid and e\cn here the 
differences between the basal ration and rumen content are significant 
The sj-nthesis of the iitamin B complex is lerj hkel} due to bac- 
terial action in new of the stimulating effect obtained b\ adding 
thiamin to the ration fed 

Suiiiiiiarx The abilitj of the bonne species to s>Tithesize signifi- 
cant amounts of thiamin rilioflann nicotinic acid pjridoxine 
pantothenic acid and biotin when fed a ration \crj low in these 
compounds has been demonstrated ‘\ destruction of thiamin m the 
rumen is contraindicated '\t the same time there was an apparent 
stimulation of the siaithesis of the other factors assaicd for when 
thiamin was added to the “sjaithetic ’ ration 

f Knipht, C A , Dutchcr, R A , Guerrant, N B , nnd Bcchdcl, S I ,~Peoc Sw 
Fsp Bior iNa> Mn>^ 1*140, 44, PO 
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tlie rumen Significant increases m the vitamin content of rumen 
ingesta were found m comparison to the amoimts m the ration fed. 
The vitamins determined were thiamin, riboflavin, pyridoxme, and 
pantothenic acid The ration used consisted of washed casein 5, 
washed sardine meal 6 7, cerelose 110, com starch 10 6, mineral 
mixture 3 0, and dried plain beet pulp 63 7% In a later report^ 
McElroy and Goss obtained similar results when feeding this ration 
to a cow with a rumen fistula 

At the time the above work was being reported a similar experi- 
ment was under way at this station The animal used Avas a heifer 
calf with a rumen fistula The ration fed consisted of acid-washed 
casein 4, urea 1 0, cod liver oil 1 0, salt mixture 3 0, corn molasses 
10 0, corn starch 71 0, and bleached wood-pulp 10 0% The calf 
was fed daily at 8 A M and 8PM, receiving 2 jxiunds of ration 
per feeding After the calf had received this ration for seAcral 
weeks the rumen contents were sampled on alternate days at 2 P M 
until about 20 kilos of wet material had been obtained The size 
of the samples was approximately 2 kilos of wet material (12-15% 
dr)' matter) Immediately upon sampling, the material was diluted 
with 95% ethyl alcohol to a final concentration of 45-50% and 
placed m a cold room (35°F) in order to stop bacterial action Two 
to 3 days later this material was placed in enamel-hned pans and 
dried m a drying room for 24 to 40 hours at a temperature of 45 to 
SO^C After grinding these samples were again stored m the cold 
room and removed as needed The analyses were assays on a com- 
posite sample 

The components of the vitamin B complex assayed for Avere 
thiamin, riboflavin nicotinic acid, pyndoxine, pantothenic acid, and 
biotin The methods of assay used were as folloAvs Thiamin, 
chick riboflavin, microbiological,'* nicotinic acid, chemical,' pyri- 
doxin’e rat,' pantothenic acid, microbiological," biotin microbiolog- 
ical * The results are given in Table I 

From Table I it is readily seen that an appreciable s}mthesis of all 
members of the B complex assa>ed for occurs 


McElroy, L W , and Goss, H , / Siol CJirm , lOiO, 133, Ivr 
k, -ilia Elveloei", C A, / , 1938. 15. 403 

iLn E E, “Pd Strong, F J 'fnal Erl, 


1939, 


v.pW H Jr J HioJ C/icm , 1940, 134, 1 
sMelnick ^ ^ ;„p;i,lu,I,ea method not TCt in prc« 

T Srong,’ F JI ’ unpublished Reported to the Am Chem Soe , 

Div Biol Chem , 1940 unpubbshed Reported to the Am Soc Biol 

Jn^r^- orlfa;:^-!! 13 10, 1940 J Rml Chem . 1940, 133. 
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TABLE L 
Assay Besults 
(y/e dry matter ) 


Factor 

Basal ration 

Bomen contents 

Eninen contents 
(vitaniin Bi 
added to ration) 

Thianun 

0 

10 12 

> 20 

Biboflavin 

< 04 

18 6 

26 5 

Nicotinic acid 

CO 

220 

172 

Pantothenic acid 

<34 

55 5 

82 5 

Pyndonne 

0 

7 

11 12 

Biotin 

< 0 018 

0 087 

0 250 


In a recent report b\ Knight, c( al " the rapid destruction of in- 
gested Mtamin C in the rumen was demonstrated The possibility 
existed that the same destruction might occur with members of the 
B complex To imestigate this possibility 200 mg of tJiiamin were 
added to the calf ration (gnen aboie) and the rumen contents again 
assayed for the members of the B complex as listed The results 
are recorded m the last column of Table I Since the samples were 
taken 6 hours after feeding and the thiamin content was still appre- 
ciabh higher than found in the preiious experiment destruction of 
this factor in the rumen, if an\ is contraindicated Further, the 
addition of thiamin to the ration apparently stimulated the synthe- 
sis of the other members of the B complex except nicotinic acid as 
can be readili seen b\ comparing the two experiments, with and 
without added thiamin respectueh 

The results were obtained through the use of reliable methods 
with a possible exception of nicotinic acid and c\en here the 
differences betw een the basal ration and rumen content are significant 
The SNTithesis of the Mtamin B complex is \er\ likely due to bac- 
terial action in new of the stimulating effect obtained b\ adding 
thiamin to the ration fed 

Siiimnarv The abiliti of the bo\mc species to s\Tithesize signifi- 
cant amounts of thiamin riboflaMn nicotinic acid piridoxine 
pantothenic acid and biotin when fed a ration \ery low in these 
compounds has been demonstrated \ destruction of thiamin m the 
nimcn is contraindicated At the same time there w as an apparent 
stimiihtion of the smthesis of the other factors assayed for when 
tlinmin was added to the “synthetic ’ ration 

PKnlpIit, C At Butcher, B A^ Gncrrant, N* B, nnd Bcchdel, S !„ Peoc~S^ 
Fcp Biou ocp MePt 1<140, 44, PQ 



Suitability of the Common Goldfish for Assay of Thyrotropic 

Hormone 

Aubrey Gorbman (Introduced by J Frank Daniel ) 

From the Department of Zoology and the Institute of Experimental Biology, 
University of California, Berleley 


The unusual responsiveness of the thyroid tissue of goldfish to 
small amounts of h 3 ’pophyseal th 3 rotropin has provided m these 
experiments the basis for a sensitive inexpensne assa 3 procedure 
In a senes of tests in which 1 15 tw o-mch-long fish w ere used, marked 
growth of the epithelium of the th 3 roid follicles was produced b 3 
crude and relatnely purified preparations from the pituitaries of 
mammals, birds, amphibia, and fishes One Parkes-Row lands guinea 
pig unit, 0 25 mg of a purified standardized mammalian pituitar 3 ’ 
th3TOtropic powder was much larger than the minimum dose pro- 
ducing th>roid stimulation m the goldfish 

Groups of 5 fish receiving the same treatment were kept m one- 
gallon jars The hormone was administered intrapentoneall 3 in 
5 successne daily injections of 0 2 cc each day dissohed or sus- 
pended in the desired dilution of Ringer s solution At autopsy, 
performed on the sixth day, the lower jaw- was removed and trimmed 
This piece of tissue, about 2 mm by 3 mm in size, w'as fixed in Bourn’s 
fluid which contains enough acid to eliminate the need of special 
decalcifj'ing agents The jaw' was cut sagittallj m 10/^ sections 
Only about 100 serial-sections, estimated to be approximateh 
median sagittal and parasagittal were saved The height of the 
epithelium was measured wuth a calibrated ocular micrometer and 
an average of 10 measurements from different follicles was taken 

TABLE I 

Do.e of Tliyrotxopic ^ 

— - Pituitarr preparations ^ 


Reaction height 
epithebum, y 


Eish 

(sole) 


2 0/1 3 5^ 

3 5/1 5 0/1 
5 0/1 9 0/1 
9 O/i-h 


10 0 


Iicopard 

frog 

Bull 

frog 

Cliickcn 

'3heep 

50 

t 

50 

t ^ 

too 

50 

10 0 

f 

* 

T 


10 20 

150 

t 

20 0 

+ 

t 

t 


Parltcs 

ThO 


) 

1 

0 25 
50 


•Eiecpting iDK i 

mgrams of pnrf^^pow " produce this response 


' ^Tpreaaed ta 
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The thyroid epithelial response in this cold-blooded animal nas 
\erj uniform to an}’ gnen dosage lerel The average control epi- 
thelial cell measured I/t in height, with extreme rariations of 0 5p- 
from this dimension In strongU stimulated th}roid tissue, epithelia 
as high as 12/t Mere seen It Mas found comenient to recognize 
different grades of stimulation A 50% increase m arerage follicle 
cell height (cells 2fi high) Mas considered the minimal reaction 
Increases of 175% (3 5/i), 300% (5/*) and 500% (9 to lO^i), 
respectnel} , Mere adjudged the arbitrar} limits for delineation of 
the reactions referred to as mild, strong, and \er} strong 
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Further Experiments on Nutritional Achromotrichia in Rats 

and Mice 

Paul Gv ORGY AND C E Poling* 

J- rom the Babies aiiri CUitdrcns Hospital, and the Department oj Pediatrics, School 
of Hedicinc, II estcrii Beserte Vnixersity, Cleveland 


I rom the results of preiious experiments it has been concluded 
that concentrates of pantothenic acid Mith a purification up to 40 
to 50/^ appear to contain one factor but not the onh factor con- 
cerned in the aire of nutritional achromotrichia in rats ' ' 

Later it became eiidciit that this factor, mIiicIi prored to be heat 
hbile in alkaline solution is identical Mith pantothenic acid" In a 
group of rats kept on a diet free from pantothenic acid adminis- 
tration of daih doses of from 75 to 100 Mg of siaitlictic pantothenic 
acidt brought about cure of the nutritional achromotrichia in from 
a to 7 weeks ' In '•ome rats the cure was slower and in a few it was 
iicier quite complete 

These experiments were repeated with black miccj kept under 

•SM \ ( orpomtion Fellow in Dioeliemotrr a««ifrne(t to tlie Dcjnrtmuit of 
1’cdintrir‘i 

I Gvorpv P Polinp 0 F -nd Su>,i,ii-ow t J Bwl Chrm lOJO, 112 7Sa 

- OM">rc\ P nn<l Polinj; r I- Snenn 1040,02 20J 

1 Srntlietie p'lntotlicnie acid was pcncrou«lv put ut our disposal h\ MercL X Co 
Inc Rnliwnv X T 

Gratcfnl acKnnwleilpment is made to Dr \jmes Fav Morpan fnirirsitr of 
( nlifornia BirkiUs, for the strain of Mack rats u«ed in the iijicriments on nutri 
tional irhroniotnchia ind to Dr William C Barrett Dipartment of Anatomv 
School of Mtalicini of Mi«ttrn Ri«<rvt 1 niieroitv Clivcland for the C 'i7 strain 
of Mack nitci 
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Achromotrichia in Rats and Mice 


similar nutritional conditions The diet used was particularly con- 
ducive’ to the production of acrodynia in rats It consisted of 18 
parts of purified casein, § 10 of dried heated egg white, 58 of sucrose, 
8 of melted butter fat, 2 of cod liver oil and 4 of salt mixture. Raw 
egg white was heated over a steam bath for 3 hours in order to de- 
stroy the injurious effect (“egg white injury’”) it has on animals 
The diet fed both to the rats and the mice was supplemented with 20 
fig each of thiamin chloride, pyndoxine and riboflavin 

In from 3 to 5 weeks, apart from the skin lesions, the fur of the 
mice became gray or brownish similar m color to the fur of wild 
house mice or more silvery Daily doses of from 50 to 100 /»g of 


calcium pantothenate (synthetic Merck) produced quick and definite 
effect on the depigmentation of the fur, with practical cure in from 
3 to 5 weeks The therapeutic effect on the cutaneous manifesta- 
tions was e\en more rapid’ These lesions were similar to tliose 
described in rats as Type II’ and to those recently observed in mice 
under similar conditions by Norris and Hauschildt ' 

A group of 24 black rats and 8 black mice w'ere kept under pro- 
longed observation without the institution of any further change 
in the experimental conditions They received the supplement of 
pantothenic acid for as long as 6 months after the initial achromo- 
trichia had been cured 

It became evident that the diet fed these animals could not be re- 
garded as complete Changes in the pigment metabolism of the fur 
again became apparent in both the rats and the mice In addition 
there were (1) cutaneous lesions^in some of the rats similar to those 
reported by Morgan and Simms (2) a predominantly scaly derma- 
tosis and dandruff m some of the rats and mice and (3) a thinning 
of the pelt in a few rats and mice The pathological changes m the 
content of pigment in the fur never reached the stage of depigmen- 
tation seen in rats and mice kept on a diet deficient m pantothenic 
acid, and they were characterized as a rule either by brownish 
discoloration of the black fur or y sing e gray hairs interspersed 
m the fur without generalized graying or bv both The brownish 
discoloration was more conspicuous than the mo demte^^se gra>- 

E , /sfof cum , 1930, ISb 7^5, Bixoh, T W , and Gvoxgv, P ^ ^, 0 , ci,em , 

3939, iSlf 761 n •v dnta to be pnblished 

oGvorgy, ° E , (London) 19S9 144,510 

’ j . Sdxare. 1940, 02, 310 

7 Norris, E tt D / Kvtniton 1940,10 233 
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ing, the fur in tlie latter case being onlj’’ slightly different from normal 
fur These secondary changes appeared usually from 4 to 12 weeks 
after the initial nutritional achromotrichia had been cured bj the 
administration of pantothenic acid 

When 100 /xg of a highly purified concentrate of biotm® A\ere 
added to the daily diet fed this group of rats and mice, or 0 25 ftg of 
cry’stallme biotin methyl ester'i to the diet of 2 rats, definite and 
quick improvement in the pigment metabolism of the fur was noted 
These observations are in agreement with those made in rats kept 
on a diet that produced typical egg white injurj,'” the pelts of 
W'hich showed distinct signs of depigmentation, such as mild graj mg 
browmish discoloration and rusting The present group of rats and 
mice w'as fed a diet which contained only a small amount of egg white 
(10%) and even this amount w.as detoxified to a large extent b) 
heating How'evcr the possibility that it ma} ha\e affected the pig- 
ment metabolism of the pelt cannot be denied Be that as it may, the 
experiments here reported prove that there is a possible interrela- 
tionship between biotin and pigment metabolism of the fur in rats 
and mice 

The order in w Inch pantothenic acid and biotin w ere administered 
was found to be of decisive importance in the present senes of 
experiments When supplements of biotin were gi\en before supple- 
ments of pantothenic acid achromotrichia was somewhat aggraeated, 
and the airatnc effect of biotin became evident onh when it was 
given during the period of secondan changes in the fur after the 
initial achromotrichia had been rclicecd bv pantothenic acid 

In black rats and mice treated with pantothenic acid and biotin 
ingmcntation of the fur still did not nccessarilj become entirch 
normal It should be borne in mind howercr that the fur of black 
rats kept on the stock diet” shows as a rule with progressing age 
a slight brownish discoloration and is often interspersed with single 
grai hairs The question arises whether this condition should be 
considered a function of age rather than one of incomplete diet 

Coiif/iivioii Pantothenic acid is onh one although probabh the 
most important factor in the prcicntion of nutritional achromo- 
trichia as It is seen in rats and mice used in c\pcriinents on the 

"(111 Mcnnuil, V, "Ntrlvillr, P P, GvilrRv. f, nnd Rose, C ‘I Snrnrr tSlO, 

02 

I' KinilU furnlMirit l>v Profi Mor K Kopl, Ptrcylit Nrtlicrinnds 

1" Gvorpv r , in Pfnundlcr, A , nnd ‘Vhloxmnnn, M v , TTantlhucU tier Kuitlrr 
hriUuntlr ion 10, 'i’i 

ilSlnmnn II C , nnd tlnlilfrlil At J Biot Cfitm 1022, 11 41 Smitli, A II, 
nnd Plnp, K C J N ulnfion loes, 1, 170 
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vitannn Bj complex Biotin is an additional factor that is connected 
■with tlie maintenance of the normal pigment metabolism of the fur 
m rats and mice under special dietary conditions 
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Effects of Epinephrine and Amphetamine on Respiration and 
Blood Pressure in Different Postures 

Rolland J Main 

From ihc Deportment of Physiology, Medical College of Virginia, Stclimond 


The cause of the overventilation of the erect posture, as indi- 
cated by lowering of the alveolar CO; tension, is unknown Mam' 
suggested that it might be due to the fact that the pressure in the 
carotid sinus is lowered about 20 mm Hg on standing,- which should 
therefore stimulate respiration Turner* believed it might be due to 
cerebral ischemia I decided to test the former hypothesis by raising 
the blood pressure of a standing subject, to see if this would remove 
the excess respirator}' stimulation by increasing the pressure in the 
carotid sinus back to the normal level 

I decided to use epinephrine subcutaneously to raise the blood 
pressure Two reports in the literature on the effect of epinephrine 
on alveolar CO; are somewhat at variance, Arnoldi' reporting a 
rise and Peters,’ a slight fall However, the side effects of tins 
drug, such as marked tremor, cold perspiration, feeling of appre- 
hension, and the possible production of a lactacidemia," made it 
advisable to control the results nith some other ^asopressor drug 
which "W ould not produce such deleterious side effects Amphetamine 
sulfate subcutaneousl} was selected because of its entirely different 
side effects euphoria and the complete lack of tremor and sw'eatmg 
It was soon found that the subjects, males between the ages of 
20 and 30, varied greatly m their response to epinephrine some 
being severely affected by 0 5 cc, and others show'ing very httle il) 
effects from 0 75 cc of a 1 to 1000 solution m ampules (Parke- 
Daiib) No ill effects we re noticed in any case from am phetamine 

1 Main, E , Va Med Monthly, 1937, 04, 330 
S Loman, J , and Mrerson, A , Am J Psychint , 193C, 02, ,D1 

3 Turner, A , Am J Physiol , 1927, 80, 601 

4 Amoldi, ■W , Dent Med TToch , 1924, 50, 139, 

- Peters, 3 , Am J Physiol , 1917, 44, 84 

0 Con, C , 3 Siol Chem , 1926, 03, 253 
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sulfate lu doses up to 30 mg Care uas ah\a\s taken not to make 
an accidental intra\enous injection and not to massage the area 
after injection Not more than one injection a week was gi\en to 
a subject, in order to pre\ent an> possible adaptation A total of 12 
subjects was used, in 12 experiments with amphetamine, and 24 
with epinephrine 

After eliminating a few subjects who were ^e^\' sensitne to the 
effects of epinephrine, I found it necessar) to administer from 0 5 to 
0 75 cc of a 1 to 1000 solution, m order to obtain a maximal increase 
in sjstolic blood pressure of about 20 mm Hg From 20 to 30 mg 
of amphetamine sulfate subcutaneous!) was required to produce a 
similar effect 

The subjects came to the laborator) within an hour after haiing 
eaten, so that hunger contractions would not interiene toward the 
end of the experiment to disturb the CO; tension ' The) were not 
permitted to ha\ e coffee at the prc\ lous meal or to smoke one hour 
beforehand The) would he down for at least 30 minutes before the 
experiment was started The effect of the drug was tested in the 
supine position the entire period or at other times was gnen while 
standing 

Aheolar CO- samples were usuall) taken e\er) 10 minutes to 
co\er normal eariations in tension and unconscious errors in ob- 
taining the sample The Haldanc-Priestle) method was used the 
forced expiration being made at the end of a normal expiration 

Tig 1 illustrates the tepical effect of epinephrine (0 6 cc subcu- 
taneoush ) on the same subject bing and standing W'lth the doses 
of epinephrine used throughout (0 25 to 0 75 cc) there was nt\cr 
noted an^ distinct effect upon aheolar CO; tension e\en when the 
blood pressure of the standing subject rose o\ cr 20 mm Hg -kppar- 
entl) am possible lactacidemia produced b\ these doses ot epineplinnt 
IS inadequate to affect the acid-basc balance of the blood Neither 
the distinct tremor nor the apprehension produced b^ the drug 
seemed to ha\e an\ effect upon the CO- tension 

The effect of amphetamine sultate was tested in the same wa\ as 
with epinephrine There was alwa\s a distinct feeling of euphoria 
which lasted less than 2 hours and had disapjicarcd bt the end of the 
experiment \o effect on aheolar CO- was noticed with this dnig 
e\en when it caused a distinct increase in blood pressure 

I would estimate that from its mxximum effect on blood jiressure 
(but not duration 1 that 20 to 25 mg of amphetamine sulfate is 
cqui\alciU to alxnit 0 6 cc ot 1 1000 epineplirme In subcutaneous 
administration 

' Mtih T? Im r 110 7 
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Twenty-four Hour Androgen Response 


found, even in the same individual from day to day A dose that 
would produce a rise of 20 mm Hg in blood pressure in one day, 
might produce a rise of onlj half as much the next veeL Neither 
drug had a distinct effect upon the respiratory rate 

Since increasing the systemic blood pressure and thereby probably 
restoring the normal pressure m the carotid sinus, did not restore the 
alveolar COj to normal, we must assume that the overventilation 
of standing may not be due to the drop in blood pressure m the 
carotid sinus and we are forced back to the remaining h}^othesis, 
that the respirator}^ stimulation is due to a relative ischemia of the 
brain These results w'ould indicate that the rise in alveolar COj 
on bending over while standing," may be due not to the return to 
normal pressure in the carotid sinus, but rather to relief of the 
cerebral ischemia It at first seemed illogical that the drop in blood 
pressure m the carotid sinus on standing should not cause respirator}^ 
stimulation, but it may be that the probable increase of pressure in 
the aorta on standing exactl} neutralizes the drop m blood pressure 
in the carotid sinus 

Conclusion Neither epinephrine nor amphetamine in the doses 
used affected the alveolar CO- tension of subjects w’hen standing or 
lying Consequently the low'ered alveolar COj of the erect posture 
may be due to a relative cerebral ischemia 

This work was made possible by a grant from the Council on 
Pharmac}’ and Chemistr}' of tlie American Medical Association 


11832 

Twenty-four Hour Response to Androgens in the Immature 

Male Rat • 

R.R Greene AND M W Burrill. (Introduced by A C Iv} ) 

From i;.e Department of Phymologv and Pharviacoloff;/, ^ortlnorMern Umvermlp 
^cdtcal School, Ch\caffo 


Astwood’ has demonstrated that estrogens cause a measurable 
increase m the uterine weight of the immature rat w ithin 6 hours 
afteradministration The weight increment which is largelj due 
to increased hydration of the uterine tissues forms the bas i^^^ 

1 Astvood, E B , Enaocnnotopv. 1938, -3, 
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estrogen assa} method Astwood later stated" that androgens 
ha\e the same effect on the rat uterus This latter finding has been 
confirmed “ The present investigation \\ as undertaken to deter- 
mine u hether or not androgens ha\ e a similar w eight-increasing effect 
on the sexual accessories of the immature male rat 

One hundred and thirt) -one male rats, 32 to 38 daj s old and 65 
to 85 g in weight were used Twentj-one animals served as con- 
trols Tlie rest were divided into 5 groups which were given 
various doses of testosterone propionatet in 0 1 cc of peanut oil m 
a single injection subcutaneousl} Twentv-four hours after treat- 
ment the animals were killed The ventral prostates and seminal 
vesicles were careful!} removed under a dissecting microscope and 
immediatelv vv eighed on a Roller-Smith micro-balance The dosages 
used and the average weights of the removed organs are presented 
m tabular form (Table I) 

With the CNception of the lowest dosage group (0 00625 mg) the 
jirostates showed a uniform and progressive increase in mean weights 
with increasing dost The scmmal vesicles showed a relativelv 
greater response to androgens in the 24-hour period The increase 
in mean scmiinl vesicle weight was consistent with the increased 
dose givtii 

The mean weights of both prostates and seminal vesicles obtained 
with 0 5 mg testosterone propionate were sigmficantlv greater than 
those of ilic controls (critical ratios of 3 36 for the prostates and 
4 63 tor the stmiml vesicles) The mean seminal vesicle weight 
with 0 1 mg testosterone propionate was also sigmficantlv greater 
than that ot the control (critical ratio 3 64) but the mean prostate 
weight at this dose was not The differences between the lower 
dosage groups and the control group were not significant 
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Twenty-four Hour Androgen Response 


found, even in the same individual from day to day A dose that 
would produce a rise of 20 mm Hg in blood pressure in one day, 
might produce a rise of only half as much the next week Neither 
drug had a distinct effect upon the respirator)^ rate 

Since increasing the systemic blood pressure and thereby probabl) 
restoring the normal pressure in the carotid smus, did not restore the 
alveolar CO. to normal, we must assume that the overventilation 
of standing may not be due to the drop in blood pressure in the 
carotid sinus and we are forced back to the remaining h 3 TK)thesis, 
that the respirator) stimulation is due to a relative ischemia of the 
brain These results would indicate that tlie rise m alveolar CO; 
on bending over while standing," may be due not to the return to 
normal pressure in the carotid sinus, but rather to relief of the 
cerebral ischemia It at first seemed illogical that the drop in blood 
pressure in the carotid sinus on standing should not cause respirator)’^ 
stimulation, but it may be that the probable increase of pressure in 
the aorta on standing exactly neutralizes the drop m blood pressure 
m the carotid smus 

Conclusion Neither epinephrine nor amphetamine m the doses 
used affected the alveolar CO- tension of subjects when standing or 
lying Consequently the lowered ah'eolar CO. of the erect posture 
may be due to a relative cerebral ischemia 

This work was made possible by a grant from the Council on 
Pharmacy and Chemistr)'^ of the ‘\merican Medical Association 
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Twenty-four Hour Response to Androgens in the Immature 

Male Rat • 

R R Greene AND M W Burrill (Introduced b) A C Iv)' ) 

From the Department of Flnjtiolog!) anti Fharmacology, ^orthweetern Unnergity 
^edicdl School f Chicago 


Astwood^ has demonstrated that estrogens cause a measurable 
increase in the uterine w eight of the immature rat w ithin 6 hours 
Ster administration The weight increment which is largeh due 
L Vnrrease d hydration of the uterine tissues forms the basis fo^ 


1 Astvood, E B , Enaocrtnologv, 1938, -3, 
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estrogen assa} method Astwood later stated" that androgens 
ha\ e the same effect on tlie rat uterus This latter finding has been 
confirmed ’ The present investigation was undertaken to deter- 
mine w hether or not androgens have a similar w eight-increasing effect 
on the sexual accessories of the immature male rat 

One hundred and thirtj-one male rats, 32 to 38 da>s old and 65 
to 85 g in neiglit were used Twent}-one animals served as con- 
trols The rest were dnided into 5 groups which were gneii 
\arious doses of testosterone propionatet in 0 1 cc of peanut oil in 
a single injection subcutaneoush Twent\-four hours after treat- 
ment the animals were killed The \entral prostates and seminal 
resides were carefull} remored under a dissecting microscope and 
immcdiatelj weighed on a Roller-Smith micro-balance The dosages 
used and the arerage weights of the rcmored organs are presented 
in tabular form (Table I) 

With the exception of the lowest dosage group (0 00625 mg) the 
prostates showed a uniform and progressne increase in mean weights 
with increasing dose The senimal resides showed a relatnch 
greater response to androgens in the 24-hour period The increase 
III mean seminal reside weight rras consistent rsith the increased 
dose giren 

The mean weights of both prostates and seminal resides obtained 
rrith 0 5 mg testosterone propionate rrerc sigmficantlr greater than 
those of the controls ( critical ratios of 3 36 for the prostates and 
4 63 for the seminal resides) The mean seminal rcsicle rreight 
rrith 0 1 mg testosterone jiropionate rras also sigmficantlr greater 
than that of the control (critical ratio 3 64 1 but the mean prostate 
rreight at this dose rras nut The differences betrreen the lower 
dosage groujis and the control group rrerc not significant 
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Infusions into Bone Marrow 


Within groups the individual prostate and seminal vesicle weights 
varied considerably Since the animals used in this procedure also 
varied in age (32 to 38 days) and in weight (65 to 85 g) it seems 
probable that some of the intragroup variation m weight of the 
accessories may be due to these factors In spite of the intragroup 
variation, however, the mean seminal vesicle weights in the treated 
groups showed a fairly consistent direct relationship to the logarithm 
of the dose as is characteristic of biological responses 

It IS possible that a procedure similar to this might be useful as an 
assay method The matter of greater accuracy (less group ^arla- 
bility), the specificity of the response and the possibility of a shorter 
time period are being investigated 

Suviinary Twenty-four hours after the administration of testo- 
sterone propionate to the immature male rat there is an increase m 
the weights of the prostate and seminal vesicle This weight in- 
crement IS proportional to the dosage used 


11833 P 

Infusion of Blood and Other Fluids into the Gtrculabon via the 

Bone Marrow 

L M Tocantins and J F O’Neill 

From Divitxon of UimatoXogy and Siirpteal Service B, the J cff creon Medical Cnllege 
and Sospiltdf Fhiladelphxa 


Substances injected into the bone marrow enter the general cir- 
mlation apparently unchanged and almost as rapidly as when injected 
ntra^enously^ In the parenteral administration of flmds to adult 
Ten It IS sometimes impossible to use *e intravenous route Such 
IS the case m idespread mutilations, bums, oedema, poorlj devel- 
op S derated veins states of shock In the ne.born and in 
S infancv the venous sj'stem is so poorlj developed that the 
Witudinal sinus reached through the anterior fontanelle 
the only available direct path to the circulation The risk of 

cfiuLta^nces through this route is high These facts seemed 
injecting subst S nation m man of the 

rjZ! for parenteral therapy Trial of this route ha^ 
intramedullarj rou infusions of citrated blood u ere 

been carried out in P infusions to 2 patients 

g-" 
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and infusions of 5% glucose and salt solution to 4 patients In 17 
trials there was one failure (Case 10), little marrow could be 
aspirated from the sternum and no fluid could be injected bj gTa\it) 
In 2 children the fluids were introduced into the tibia and femur In 
all the other patients the sternum or the cla\ncle were used From 
100 to 1050 cc ha\e been injected, the infusion needle being left in 
place for a duration of from 1 to 16 hours Some signs of discom- 
fort are eiident during the first steps of the procedure (aspiration 
of marrow and injection of salt solution w ith a sjTinge) Through- 
out the course of the infusion practicall} no discomfort has been felt 
The a\erage rate of infusion \-aried between 0 4 and 9 cc per minute 
Strict asepsis has been obsened throughout Indications that the 
infused citrated blood had been rapidlj absorbed were a substantial 
increase in the amount of hemoglobin and number of erjthrocjtes m 
the blood of the patients 24 hours after the infusion Readings of 
the intramedullar) pressure as obtained with a water manometer 
before the start and after completion of the infusion ha\e not 
differed b\ a significant margin The readings \aried between 50 
and 120 mm of water and often corresponded closel) with readings 
of the pressure in tlie \eins of the forearm There ha\e been no 
local or constitutional reactions as e\idenced b) clinical or X-ra\ 
findings following an) of the infusions The 2 children that re- 
cened the blood infusions were under one )ear of age and in neither 
of them were there ^elns a\ailable for transfusions The method 
and apparatus used and the results obtained will be described in 
detail elsewhere 

\^ ithm the limitations outlined the intramedullar) route for the 
parenteral administration of blood and other fluids seems to ln\e its 
indications and has proitd to be feasible Application of tlie method 
should be limited to such times as when the mtra\enous route is not 
a\ailable and onh b\ those familiar with the teclinic and fa^o^able 
poults of approach Work now in progress indicates that other 
bones nia) ha\e equal or greater adeantages o\er those prcMOUsh 
emploi cd 

Sitiiiiitary Tlie intraniedullaiw route for parenteral therap\ has 
proied practicable in 16 out of 17 trials in 14 patients Citrated 
blood, plasma glucose and salt solutions ha\c been infused without 
an\ iinmcdiatc or delae cd local or conctitiitioiial reactions 
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Infusions into Bone Marrow 


Within groups the individual prostate and seminal vesicle weights 
varied considerably Since the animals used in this procedure also 
varied m age (32 to 38 days) and in weight (65 to 85 g) it seems 
probable that some of the intragroup variation in weight of the 
accessories may be due to these factors In spite of the intragroup 
variation, however, the mean seminal vesicle weights in the treated 
groups showed a fairly consistent direct relationship to the logarithm 
of the dose as is characteristic of biological responses 

It IS possible that a procedure similar to this might be useful as an 
assay method The matter of greater accuracy (less group varia- 
bility), the specificity of the response and the possibility of a shorter 
time period are being investigated 

SuDwwry Twent)'-four hours after the administration of testo- 
sterone propionate to the immature male rat there is an mcrease in 
the weights of the prostate and seminal vesicle This weight in- 
crement IS proportional to the dosage used 
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Infusion of Blood and OAer Fluids into the Circulation via the 

Bone Marrow 

L M Tocantins and J F O’Neilu 

Frovi Vivmon of EemaMogy and Surgical Scrmce B, the Jefferson Medical College 
and Eospitcd, Philadelphia 


Substances injected into the bone marrow enter the general ar- 
culation apparently unchanged and almost as rapidly as when injected 
intravenously " In the parenteral administration of flmds to adult 
men it is sometimes impossible to use the intravenous route Such 
IS the case in widespread mutilations, burns oedema, poorlj de\ el- 
oped, obliterated veins states of shock In the newborn and in 
earlv infanc} the venous system is so poorly de\ eloped that the 
superior longitudinal sinus reached through the anterior fontanelle 
is often the only available direct path to the circulation The risk of 
injecting substances through this route is high These facts seemed 
to justify an attempt at a wide clinical application m man of the 
intramedullary route for parenteral therapy Trial of this route has 
been earned out in 14 persons Ten infusions of citrated blood were 
given by this method to 7 patients, plasma infusions to 2 patients 

.s-p Mn, , 1P40, 4«TiFr— 
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Chromodacryorrhea and Parasympathetic Action of 
Cyclopropane 

John Adriam, Ste\'ens J Martin and E A Rovenstine 

J’ roiii the Dniston of Surgery, Department of Ancnthesia, A 1 orX Vnncrsity 
College of 21edieinc, A cw 1 orl City 


The effects of anesthetic drugs upon the autonomic nertous s}stem 
are of recent interest Those of ether upon the sjmpathetic dnision 
liar e been described ‘ ParasjTnpathetic stimulation bj cj clopropane 
has been suggested from laborator\ obser\ations in dogs" The 
results of a stud} of this latter action and its modus opcraiidi are 
contained in this report C} clopropane does not inhibit the actnit\ 
of cholinesterase of human serum i/i z'llro “ Two of us^ haae noted 
that perfusion of turtles and frogs hearts with solutions of C}clo- 
propane produced paras}mpathetic effects Perfusates from eserin- 
ued stomachs and hearts exhausted of the c} clopropane like- 
wise produced paras} mpathetic stimulation when added to fresh 
eserinized hearts or to preparations of the frog s rectus abdominis 
mu«cle Such results suggested the liberation of an aceU Ichohne-lik^ 
substance These results were not obtained with etlnlene and ether 
Recent!) lashiro it nl described a technic for the assa) of acet\l- 
chohne b) the response of chromodacr}orrhea or "red tears ' in the 
eserimred albino rat This procedure was utilized here to demon- 
strate further the jnras) mjiathetic action of c\ cloprojiane 

Procidun and Kisiilt^ Sixte-one obscrvaitions were made on 36 
w lute adult male rats w eighing 225 to 325 g ^lft^ gamma of eseriiie 
sahcilate per 100 g of rat were gnen intraperitoncalh Twent) 
iniinites later ether c\ clopropane, or etlnlene narcosis was induced 
and maintained in the first plane of surgical anesthesia for a minimum 
ot 20 minutes The e\es were ex.amined for the presence of chro- 
inodacreorrhsa ( 1 ) 20 minutes after the injeartion of eserme before 
anesthesia was begun, (2) immcdiatcl) after anesthesia was dis- 
eontinue'd and (3) 20 mimites after re-coeer) ThIrt^ control ob- 
serxations were made on non-premedicated, unancsthetized rats 

1 nintn, n H mill Burn I II rinmol loai 78, JIT 
-bct.\cra M H , Mis.k W 1 RoMnatini t \ mitl StiKa I \ J Pharm 
oiiil p xp Thfrnp, lOS-4 Tl 1 

1 \ilrinni T, mil Roiinatmp, F \, Ihk anil Inal 3n40, in prcaa 
< Vilrnni I , mill liiiMnatini I \ Im 1 Phunol , 1^40 tZI) jnn 
Tn«liirn s sii,,(i, ( Bmlei r t mil Kizur t I’pcx' Nor r\r Ilioe. \mi 
MM) I'MO 1-1 (I'.S 
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Tissue Ascorbic Acid in Hypophysectomi;zed Rats 

Donald E Bowman, Lucien E Morris and John R Stacy 
(Introduced by Edward Muntivyler ) 

trom the Department of Biochemistry, School of Medicine, Western Deserve 
University, Cleveland, Ohio 

Some time ago it was observed that the post-operatn e adminis- 
tration of crystalline ascorbic acid to hy^pophy sectomized rats caused 
a very marked and sudden improvement in some cases m which re- 
coien othenvise appeared quite doubtful The tissue ascorbic acid 
was estimated in some of the untreated rats which failed to recover 
and it was found to be ier\ low Although the full significance of 
these preliminary observations is not clear a brief account mav be 
of interest 

The 6-week-old rats w'ere maintained since weaning entirely on 
Ralston Purina Dog Chow which was found to be scorbutigenic for 
guinea pigs The ascorbic acid of the tissues was estimated in the 
usual manner by titrating a metapliosphoric acid extract of the 
tissues wuth 2,6-dichlorophenol indophenol That the tissue ascorbic 
acid talues in the 5 hy pophysectomized rats examined are definitely 
below normal is indicated by the data of Table I Some of the rats 
had recened daily glucose injections and in all cases the stomachs 
contained food at autopsy Hemorrhagic areas in various degrees 
of severity were also observed The corresponding values for con- 
trol non-hyq)ophysectomized normal rats, determined at the same 
time, fell within the normal limits 

These findings indicate that a dietary intake or the injection of 
ascorbic acid after hypophysectoniy in rats may pro\e highh bene- 
ficial A more detailed study of the ascorbic acid metabolism of such 
animals is proposed 

TABLE I 

TiBstie Ascorbic Acid Vnlnes i n Hrpoplnscctomiied ond Xormnl Ruts 

mg per 100 g of tissue 

Liver Kidney Adrennl Small intestine 


4 S 
9 0 
2 0 

21 2 
20 4 
10 2 


Avg 5 lirpopliTsectomiied rats 

Mni 

Min 

Avg for 5 normal rats 
Max. 

Min 


8 36 

05 

160 8 

10 25 

82 

104 

72 

4 8 

89 8 

23 2 

15 2 

340 

301 

19 1 

450 

16 

12 3 

150 
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Physical Allergy and “Auto-Antigens ” 

Edward H Richardson, Jr ( Introduced by Arnold R Rich) 

From the Department of Fathotogy, The Johns Eoplins Medicat School, 
Baltimore, ild 

In an attempt to determine riliether physical allergies could be 
explained on an immunological basis Karady,' in recent experiments, 
subjected a number of guinea pigs to heat and another group to cold 
in the manner described below He found that a re-exposure to the 
same stimulus at the end of 2 u eeks produced anaplij lactic shock m 
the animals so treated, and in some of the guinea pigs the shock ^\as 
severe enough to cause death He also injected guinea pigs Mith 
guinea pig serum that had been subjected to heat and others with 
serum that had been subjected to cold After 2 w eeks the reinjection 
of heated or chilled serum into the animals that had previously been 
injected witli heated or chilled serum respective!} produced signs 
of anaphylaxis, and at autops} the animals show'cd the pulmonar} 
emphysema characteristic of anaphylactic shock On the basis of 
these results Karad) suggested that a phjsical stimulus, such as heat 
or cold, might so alter the protein of the blood plasma as to form an 
“auto-antigen” within the animal’s own bod}, so that a re-exposure 
to the same stimulus would cause anaphylactic shock as m the above 
experiments It was thought desirable to repeat tliesc ex-periments 
and, if the} could be confirmed, to stud} the mechanism of the sensi- 
tization To this end w e used the methods described b} Karad} , as 
follow s 

Serum was obtained from norma! guinea pigs, and half was heated 
at for 1 5 minutes and the other half cooled to — 5°C 

for 1 5 minutes Three cc of the heated scrum was then 
injected into each of 7 guinea pigs b} the intraabdominal route and 
7 guinea pigs were injected with the same amount of cold-treated 
scrum When these injections were repeated at the end of 2 weeks 
the animals were obseraed closel} for an hour following the injec- 
tion and during that period no signs of anaphjlaxis were seen in 
an} of them On the contrar} their bcliaMor seemed pcrfcctl} nor- 
mal, and all sur\ncd 

In our next experiment, following the procedure of Karad}, we 
subjected 12 male guinea pigs (which were somewhat larger than 
those used b\ Karad} ) to cold In immersing their hind limbs in an 

1 KnrndT, S / /mnt/nol , ISSa, 37, -15" 



786 


Parasympathetic Action of Cyclopropane 


TABLE I 

Chromodncryorrhea in Eaenimed Pats 


No of rats slioinng ctiromodacryorrhea 


Anestbebc 

agent 

Premed 

ication 

Observations 

No 

Before 

Anesthesia 

At end of Tiventy minutes 
Anesthesia after recovery 

None 

Eserine 

64 

3 

0 

0 

Cyclopropane 

None 

18 

0 

0 

0 

Ether 

) t 

12 

0 

0 

0 

Cyclopropane 

Eserine 

23 

0 

17 

1 

Ethylene 

>> 

18 

0 

0 

1 

Ether 

1 J 

20 

0 

0 

2 


and on those anesthetized with cyclopropane and ether without the 
administration of esenne Twelve rats were treated Yvith acet}'!- 
chohne and the occurrence of chromodacrj’orrhea noted, thus con- 
firming the studies of Tashiro, ct al 

A positive response for chromodacryorrhea vas obtained in 18 
of 23 esennized rats treated with cyclopropane (Table I) This 
response was noted immediately after anesthesia was terminated 
It was delayed in one rat which showed a positive response 20 minutes 
after recovery The response was negative in the remaining 5 anes- 
thetized with cyclopropane Two of the 20 rats anesthetized with 
ether and one of the 18 treated with ethylene developed a positive 
response Three unanesthetized esennized rats similarly showed 
chromodaciyorrhea In none of the non-premedicated unanes- 
thetized rats or the non-premedicated rats anesthetized with cyclo- 
propane or ether was chromodacrj'orrhea observed 

Discussion Since chromodacr>'orrhea follows the injection of 
acetylcholine m esennized rats,® the positive responses obtained from 
cyclopropane suggest that this drug liberates acetylcholine in rat 
tissue. The exceptional results obtained with the esennized rats 
anesthetized with ether and etliylene may be due possibly to an 
increased acetylcholine secretion incident to handling or to varia- 
tions in individual threshold since chromodacrj orrhea may be 
elicited with larger doses of esenne This may also account for the 
absences of chromodacrj^orrhea in the 5 esennized rats given cyclo- 

^’^^umitarv The phenomenon of chromodacryorrhea produced bj 
cvdooropane m esennized white rats indicates that acetylcholine ,s 
liberated in mammalian tissues and supports the contention that the 
drug IS a parasympathetic stimulant 
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abdominal fibroids also were induced in guinea pigs injected sub- 
cutancousl} with estrogens in the course of 4 months' Fibroids 
appear e\en if quantities as small as 5/ of the monobenzoic ester of 
estradiol per injection or a total of 400/' are given m the course of 3 
months T All estrogens, free or esterified, natural or svmthetic, 
proved to be tumongenic “ Tablets of estradiol introduced beneath 
the skin mav induce fibroids as earlv as in 3 vv eeks * There is an 
enormous variabilit) as to the localization of uterine and extra- 
uterine fibroids although when a sufficient number of animals is 
observed, some tjpical localizations can be established \ survev of 
these localizations of experimental fibroids is given in the present 
paper (Figs 1-16) based on the results of the autopsv of several 
hundred females to which the following 10 estrogens were admin- 
istered estrone estriol, estradiol 4 esters of the latter (monoben- 
zoate, monocaprvlate, dipropionate, 17'benzoate-3-n-butv rate), stil- 
bcstrol dipropionate of stilbestrol hexestrol 

Utentu tumors are mostly subserous (Figs 3 4, 14-C) andean 
liecome pedunculated (Fig 2) \ erj often thev are to be found m the 
mesometrium (Figs 6 S) , intramural fibroids and those of the 
submucosa are rare (Fig 9) The whole surface of the uterine stem 
and part of the uterine lionis mav be covered bj an extensive fibroid 
(Fig 1 ) The angle between the horns is often the site of a tumor 
There mav be also a chain of small tumors on the ventral surface of 
the utcnis (Fig 5) 

Subserous fibroids mav be present also on the vagina and verj 
rarelv in the vaginal submucosa (Fig 10) In the castrate guinea 
pig an almost constant site of fibroids is near the upper ends of the 
tubes (Figs 4 5) these apical tumors probablv originate m the 
mesosal])inx and can attain an enormous size (Figs 7 14-C) 
espe-ciallv when joining with neighboring tumors of the spleen (Fig 
4) or the abdominal wall The apical tumor can descend also into 
the pelvis (Fig 14-C) Sometimes enormous tumoral masses cn- 

1 Nelson, M 0, -(nnf Pec in'17, 08 FntJocnnoJurjv 2^ 30 Mon 
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tion or a total of onlr of f«tndiol in tlic course of 3 montlK when the mono 
caj>r\hc c^ter u«cd (I n><cbutx ^ Baexa Ro«ab^ and Bneta Htmrn tn bi 

pubh^hiHl 5oon) 
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Experimental Fibroids in Guinea Pigs 


ice-salt mixture at -5°C for 2 minutes At the end of 2 weeks tlie 
immersion was repeated without any apparent effect on the animals 
A\hich were carefully observed for an hour following the second 
exposure All of them survived 

In order to be certain that the size of the animals had nothing to do 
w'lth their lack of response to this treatment we repeated this portion 
of the experiment using 10 male guinea pigs all of w'hich weighed 
between 200 and 250 g (the size of those used bv Karady) Again 
the second exposure was entirely without effect in producing an} 
signs of shock After another lapse of 2 w'eeks their hind limbs 
were again immersed m the ice-salt mixture Following this tliird 
exposure they w'ere carefully observed for a period of one hour and 
once more failed to show any anaphylactic response AH animals 
survived 

Finall}, another group of 7 male guinea pigs (weighing 200 to 250 
g) were subjected to heat b} immersing their hind limbs m w'ater 
at 56°C for 2 minutes Three weeks later they w'ere again subjected 
to the same treatment, but no signs of anaphylaxis w^ere observed 
111 any of tliem during the hour following the re-exposure, and all 
survived 

Suwmarv ^Ve have been unable to confirm the report of Karad} 
that guinea pigs can be sensitized anaph} lactically to heat or cold b} 
heating or chilling their limbs We w ere also unable to confirm 
Karad} ’s report that guinea pigs can be sensitized to heated or 
chilled guinea pig serum 
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Uterine and Extrautenne Local^ations of Experimental Fibroids 
Induced in Guinea Pig by Prolonged Administration of 
Estrogens * 


Alexander Lipschutz Rigoberto Iglesias and Luis Vargas 
jUN (Introduced b} Emil Witschi ) 

From Hie Department of Experimental ilcdicinc h atwnal Bealth Service of the 
Scpubhc of Chile, Santiago 


The occurrence of uterine fibroids was reported m a number of 
guinea pigs treated for several months with estrogens ' Extrautcrinc 

Vlcmorial Fund for Vlcd.eU Re*corcl. TI.c Ella Sael.s Piofz Foundation for the 
Adrancement of Ee.cnt.flc Invcst.gatlon, and Vlr Adolfo Eastman of L.mache 
(Cldle) The esterlficd estroBen, ucre Eemroush snpphed b, Dr Carl VUoach 
of Vlessors C.ba, Basel and the artificial ones b, Professor Dodds, London 
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abdominal fibroids also iiere induced m guinea pigs injected sub- 
cutaneous!} \\ ith estrogens in the course of 4 months " Fibroids 
appear eien if quantities as small as 5/ of the monobenzoic ester of 
estradiol per injection or a total of 400-/ are gnen in the course of 3 
months t All estrogens, free or esterified, natural or sjTithetic, 
proied to be tumorigenic.® Tablets of estradiol mtroduced beneath 
the skin mar induce fibroids as earl} as in 3 iieeks * There is an 
enormous lariabilit} as to the localization of uterine and extra- 
uterine fibroids, although when a sufficient number of animals is 
obsened, some tiqiical localizations can be established A sune} of 
these localizations of experimental fibroids is giien in the present 
paper (Figs 1-16) based on the results of the autops} of several 
hundred females to which the following 10 estrogens were admin- 
istered estrone, estriol, estradiol, 4 esters of the latter (monoben- 
zoate, monocapr} late, dipropionate, 17-benzoate-3-n-butyrate), stil- 
bestrol, dipropionate of stilbestrol, hexestrol 

Uterine tumors are mosth subserous (Figs 3, 4, 14-C) and can 
become pedunculated (Fig 2) Veix often the} are to be found m the 
mesonietnum (Figs 6, 8), intramural fibroids and those of the 
submucosa are rare (Fig 9) The whole surface of the uterine stem 
and part of the uterine horns ma} be covered b} an extensive fibroid 
(Fig I ) The angle between the horns is often the site of a tumor 
There ma} be also a chain of small tumors on the ventral surface of 
the uterus (Fig 5) 

Subserous fibroids ma} be present also on the vagma and ver} 
rareh in the vaginal submucosa (Fig 10) In the castrate guinea 
pig an almost constant site of fibroids is near the upper ends of the 
tubes (Figs 4 5) these 'apical tumors probabh originate m the 
mesosalpinx and can attain an enormous size (Figs 7, 14-C) 
especiall} when joining with neighboring tumors of the spleen (Fig 
4) or the abdominal wall The apical tumor can descend also into 
the pelvis (Fig 14-C) Sometimes enormous tumoral masses en- 

1 Xel!on, W O, Anal Bee 1937, 68, 99, ’Endocrinology, 1939, 2-t, 50, Mon 
card Rt aad Canchou, 3,0 E Soc Biol (Pam) 1938, 12D, 556 

2 Lap'chutz A, and Iglesias B., 0 17 Soc Biol (Pans) 1938, 120, 510, 
Igicsiaa R Public iled Exp (Oule), 1938 

f I,atelr vre bare found fliat fibroids can be induced br as little as Z-/ per injcc 
non or a total of onlv SO-j of estradiol in tlie course of 3 montlis when the mono 
caprrlie ester is used (Lipscbutz Vargas, Baeza Rosales and Baeza Herrera, to be 
published soon) 

s See Lipschutz, Vargas, Koref, tedlickr, BelloUo, MnnlJo, Rodriguez, Chamne, 
Szabu Ruz, r F Soc Biol (Pam), 193S 1939 120, 131, The Lancet, 19311940 
Public Ifcd Exp (Chile) 1939 19-10, Ber Cliil Hirj v Ifed Prevent in press 

1 Lipschutz, V , and Vargas L., Jr , The Lancet 1939, 1, 1313 
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dorsal face of tlie Uiems No sharp limit between tumor and mTometnum 
Adenomatous condition of endometrimn X 5 

Fic 2 Estradiol monobenzoate 20y (total o 8 mg) 1S3 dors Three pedon 
cnlated tumors of uterus 

Pio 3 Estradiol monobenzoate 20-y (total 2 6 mg) 310 davs I>arge subserons 
tumor with deformation of mrometnnm. X 5 

Fio 4. Estradiol monocaprvlate IO7 (total 0 4 mg) 90 davs Subserons 
uterine tumor Apical tumors on both horns the left one with ramifications 
covering left kidnev and adhering to spleen, pancreas and abdominal wall 

Pig 5 Estradiol monocaprvlate lO-y (total 0 4 mg) 108 days Chain of sub 
serous tumors on the right horn, the cham corresponds to the muscular elevation 
present in the normal uterus Arrow points to small apical tumor 

Pig 6 Estradiol monocaprvlate lOy (total 0 4 mg) 91 davs Mesometnal 
tumors 

Fig 7 Estradiol monobenzoate 80 / (total 2 4 mg) 85 davs Apical tumors 
on both sides Partial necrosis of uterine horns (arrow) 

Pig 8 Estradiol 400y (total 20 8 mg) 123 days No sharp hunt between 
myometnura and mesometnal tumor Polvps in the uterine cavity X ^ 

Pig 9 Estradiol 17 benzoate 3 n bntvrate 10-c (total 0 4 mg) 91 days. 
A — "Pibroids” of the uterine submucosa Cvstic glandular hvperplasia X 5 
B — Same preparation. X 43 No sharp bmit between “tumor” and stroma of 
uterine mneosa 

Pig 10 Estradiol monobenzoate 20 y (total 2 6 mg) 310 davs Uterine cervix 
surrounded by vagma Two vaginal fibroids, one pedunculated. X ^ 

Fig 11 Estradiol monobenzoate SOy (total 322 mg) 110 davs Cvstic dilata 
tion of right tube with thick fibrous masses in the wall of the cyst Apical tumor 
on the left (upper half of left uterus cut awav) 

Pig 12 Estradiol monobenzoate 40 y (total 2 1 mg) 124 days Tumor near 
cardias, and tumor of small curvature 

PlG 13 Estradiol monobenzoate 80y (total 5 8 mg) 183 davs Subserons 
tumors of the stomach 

Fig 14. Estradiol monobenzoate 80y (3 0 mg) 88 davs A — Tumor m the 
hilnm of spleen (arron') B — Mesenteric tumor (arrow 1) Fibrous strands in 
the mesentcrv (between arrows 2 3 and 4 with small tumor of the intestine 
(arrow 3) C— Apical tumors, the right one enormous (arrow 2 ) Subserons 
ntenne tumor (arrow 3) Tumor between dmpbragm and abdominal wall (arrow 1) 
Fig 15 Estradiol monobenzoate 8O7 (total 3 9 mg) 122 davs Mesenteric 
tumor X 5 

Fig 16 Estradiol monocaprvlate lOy (total 0 4 mg) 90 davs Tumors in the 
hdam of the spleen. 

globe the upper third or more of the uterine horn (Fig 7) There is 
often no sharp limit between the mjometnum and the tumor (Figs 
1, 8) Sometimes the miometnum is deformed b\ the subserous 
tumor (Fig 3) The fibroids of the submucosa are still less de- 
limited (Fig 9-B) 

The subserous ertrautmne tumors are to be found on most of the 
abdominal organs on the stomach (Figs 12, 13), spleen (Figs 
14-A, 16), pancreas Iner, kidnej urinarv bladder, in the epiploon, 
m the mesentert from the pvlorus to the rectum (Figs 14-B, 15) , 
on the abdominal nail (Figs 4, 13) and the diaphragm (Fig 14-C) 
Ver% frequenth fibrous strands visible to the naked eje can be 
found on the abdominal -nail, the mesenten and other parts of the 
abdominal cav itv 

The uterine or ertrouteruie locaUetaltoits hate no connection tx.nth 
h'ln photic glands 
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There is no case with tumors m the tlioracic cavity Tumors pres- 
ent on the abdominal side of the diaphragm may infiltrate beh\een 
muscle fibres, but the thoracic side of the diaphragm remains alw a) s 
smooth and free of fibrous nodules No tumors are found at tlie site 
of injection and onty verj' exceptionally at the site of subcutaneous 
implantation of a tablet of estradiol 
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Studies on Fluorescence Associated with Proteins 
Wendell Reeder and V E Nelson 

From the Lahoratoncs of Physiological Chemistry, Iowa State College 


Tlie relative fluorescence intensities of the proteins and their 
hydrolysates w'ere determined bj measuring the dilution required 
to reduce the fluorescence of a given amount of protein or protein 
hydrolysate to the same intensity as the fluorescence of a diluted 
standard solution of quinine bisulfate 

The proteins prepared and studied in this investigation were 
casein, wheat gluten gliadin, glutenin, blood fibrin, gelatin oval- 
bumin and zein Hair and w'ool w'ere also compared to the 
above proteins 

When examined in ultraviolet light of wavelengths 3100-4100 A 
the proteins give a uniform bluish-wdiite fluorescence in the solid 
state and a somewhat more gjreen fluorescence in solutions The 


fluorescence of these proteins is more green in basic solution than in 
acid, but tlie color change is not sharp 

Fluorescence of proteins is destrojed by oxidation with strong 
nitric acid or b) ashing The small amount of protein ash is not 
fluorescent in the solid state nor in acid, basic or neutral solution 
Organic solvents do not extract the fluorescent material from the 
solid protein nor from the protein hydrolysates in acid or basic 
solution Likewise, dialysis experiments failed to remove the 
fluorescent material from protein solutions but after hydrolysis with 
strong acid the fluorescent material is readily removed from pro- 
teins by dialysis * i ^ „ 

Hydrolysis of proteins by proteohdic enzjmies or alkali produced 

only a slight increase m the amount of fluorescence However, 
hydrolysis with hydrochloric acid, sulfuric acid, perchloric acid or 
phosDhoric acid produced large increases in the fluorescence of those 
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proteins containing tir-ptophane and onl3’- slightlj' increased fluor- 
escence in those proteins hich are deficient in this ammo aad The 
color of the fluorescence produced during acid h}drotysis is blue- 
green 

Crude commercial proteins produce the same amount of fluor- 
escence, during acid h} drolysis, as these same proteins prepared in a 
purified state The presence or absence of air during acid hj drolysis 
does not affect the amount or color of fluorescence of the protein 
h)^drolysates 

Nineteen amino acids uere examined in ultraviolet light for 
fluorescence These ammo acids were not noticeablj' fluorescent in 
the solid state nor m acid basic or neutral solution 

Ammo acid additions to proteins during h}drol}sis revealed that 
tr3’ptophane w as the onl3' ammo acid which increased the amount of 
fluorescence during acid h3'drol3Sis Ti^-ptophane did not affect 
the amount of fluorescence produced during hydrolysis of proteins 
with alkali 

When proteins such as zem and gelatin, which are deficient in 
tryptophane, are hydrolyzed w ith acid m the presence of this ammo 
acid the amount of fluorescence is greatl3' increased However w'hen 
tr3ptophane is added to proteins containing this amino acid the 
fluorescence is onl}^ slightly increased during acid hydrol3’'sis 

The addition of the vitamins which are capable of producing blue- 
fluorescent compounds did not affect the amount or color of fluor- 
escence during acid h}'drol)Sis 

Boiling acetic acid w ith proteins greatl3" increased the amoimt o f 
fluorescence Howeier, the fluorescent color produced is much 
more blue than that of protein solutions or h3'drol3"sates Boiling 
acetic acid with several of the ammo acids caused a blue fluorescence 
to appear in the solutions Strong acids do not produce fluorescence 
of amino acids This would indicate that the fluorescence increase 
w'lth acetic acid and protein is due to a different substance than is 
produced during acid h3 drol3 sis with strong acids 

T3Tosine and tr3’ptophane w^ere the onl3'’ ammo acids of all those 
studied which gave blue-green fluorescence with glucose w'hen 
boiled W’lth dilute HCl The melanin produced b} the action of the 
t 3 Tosinase of potato juice on pure tvrosme solutions was not 
fluorescent 

Concentration of the fluorescent material was accomplished b3 
adsorption of the material from acid solutions w ith English fuller’s 
earth (Cenco fuller’s earth was a poor adsorbent) and subsequent 
elution from this adsorbent wnth eth3l or meth}! alcohol-ammomum 
h3dro\ide solutions From its solubiIit3 properties the fluorescent 
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material was found to be different from the blue-fluorescent alkaloid 
barman produced by the mild oxidation of the acetaldehyde-trypto- 
phane complex Harman when injected intrapentoneally into rats 
caused paralysis of the hind legs of the animals and slowing of heart 
action whereas injection of neutralized protein hydrolysate or the 
adsorbed material from the hydrolysate had no effect 

Lactoflavin, thiochrome, quimne bisulfate and the fluorescent 
material from protein hydrolysates give broad bands of fluorescent 
light The fluorescent spectrum of the material concentrated from 
casein hydrolysate is in the violet-green region of the spectrum and 
IS very similar to the fluorescent spectrum of quinine bisulfate The 
fluorescent spectra of lactoflavin and thiochrome are different from 
the fluorescent spectrum of protein hydrolysate The fluorescent 
spectrum of the material concentrated from casein hydrolysate is in 
the violet-green region havmg wavelengths 4100-5300 A The 
fluorescence of protein hydrolysates is excited only by light of wave- 
lengths 3400-3600 A 
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Production of Pernicious Anemia-hke Syndrome in Rats with 

Bile Acids 


Raphael Isaacs 

From the Semaiology Lahoratory, Michael Beese HotpUal, Chicago 


Because of the property of bile acids to produce hemolysis of red 
blood cells, cytolysis of leukocytes, destruction of nerve cells and 
myelin of nerve fibers, as well as to produce gastric lesions, a g^oup 
of symptoms present in pernicious anemia, 12 rats uere injected 
subcutaneously from one to 6 tunes a week uith a suspension of 
glycocholic acid from ox bile The effective daily dose after trials 
with weaker suspensions, was 10 rng Of 12 rats, 3 developed a 
mild macrocjdic, oval red blood cell anemia during the course of 
2 months During this time, one developed dragging of the hind 
leas with a clumsy gait, and m 3 months, 2 show ed skin ulcerations 
m reaions which had not been used for injections These symptoms 
did not appear in a control group, nor m a group injected w ith liver 
extract at the same time as the glycoiAol.c acid 
Table I shows the nature of the blood changes 
The enlargemen*^ of the red blood cells appeared before any marked 
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TABLE I 


Day 

B3 C millions 
per mm® 

Mean corpnsenlar 

TOl , 

EJB C , sizet 

0 

84 

52 0 

25 50 25 

1* 

85 

52 0 


7 

79 

5L5 


14 

88 

63 0 


21 

75 

63 6 


28 

78 

55.2 


35 

70 

58 8 

11 34-65 

42 

62 

55 5 


49 

4.5 

610 


66 

4.8 

60 2 

8 18 74 

63 1 

4.5 

59 7 


70 

65 

60 5 



‘Suspension of 10 mg of glycoehohc acid in water, 6 times a week 
tMeasurements less than 6 0 microns, 6 0 microns, larger than 6 0 microns 
ILiver extract injections begun 


change in the red blood cell count was noted An increase m the 
red blood cell count was noted 2 weeks after the subcutaneous in- 
jection of liver extract (7 units, once a week, for 2 weeks) The 
mean corpuscular volume was still elevated at the end of 2 weeks of 
therapy (reticulocyte increase) 

The fact that but 3 of the 12 rats developed changes, suggests the 
continuation of the experiments with attention to variations in age 
of the animals, diet, size of dose, solubility of the preparation used, 
tj'pe of bile acid, frequency and amount of injections, state of the 
blood and bone marrow before injection, and histological condition 
of the stomach after the appearance of macrocytes (cf ulcer forma- 
tion in guinea pigs) 

The observations suggest the hypothesis that an increase or 
defect in the metabolism of bile acids in pernicious anemia causes 
a defect in tlie secretion of the “intrinsic factor”, resulting in the 
development of a macroGj-tic anemia, and permitting an increase m 
hemolysis The bile acids acting on the central nervous system, 
would cause the degenerative changes Leukopenia w ould be another 
result 

From preliminary obserrations, it has been established that the 
bile acids are quite definitely increased in the blood in patients with 
pernicious anemia in relapse, confirming the report of Blankenhom ^ 

Siiiiiiiiary A pernicious anemia-hke sjTidrome has been pro- 
duced in individual rats, characterized by oval macrocrj-tosis and 
neurological changes following the subcutaneous injection of 
glj cochohe acid 

1 Blankenhorn, M A., Arch Int ilcd , 1917, 10, 344. 
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Differences Between High and Low Breast Tumor Strains of 
Mice When Ovariectomized at Birth * 

George AVoolley, Elizabeth Fekete and C C Little 

From the Jtoecoe B Jaclson Memorial Laboratory, Bar Harbor, Maine 


The following differences were noted between 2 high and one low 
breast tumor strains of mice when ovariectomized at birth The 
high breast tumor strains were the Jackson Laboratory dilute brown 
“JAX” (dba) and JAX ’ C3H strains These 2 strains have a 
high incidence of mammary tumors both as breeding and as virgin 
animals The low tumor strain was the Jackson Laboratory “JAX” 
C57 black strain The obsen’ations are based on a group of 125 
JAX dba, 20 JAX C3H and 30 J AX C57 black mice The results 
for each strain as reported in Table I ha\e been uniform, and we 
believe deserve preliminary presentation, although not all of the 
above animals are dead up to the present time 

Easily noticed differences concerned the vagina The vagina of 
the ovariectomized JAX dba and JAX C3H mice did not present the 
classic castrate picture but became much more stimulated than might 
have been expected With both strains the \agina opened only a 
few days later than that of non-castrated littermate females Progress 
to obvious mucification and to distinct c\clic cornification is much 


TABLE I 

Findings for Animals Ovariectomircd nt Birth nnd Observed 
Year of- Ago 

High tumor 

JAX dba JAX C3H 


Vaginal orifice 
Cyclic vaginal 
cornification 
Uterine stimulation 
Mammary gland 


Open 

Yes 
1 » 

Ettensivo growth, 
marked develop 
mont 


Open 

Yes 
; > 

Extensile growth, 
marked develop 
ment 


When Bevond One 


Low tumor 
JAX C57 
Hosed or small pore 
No 

t 7 

Variable growth, 
ehght development 


Mammary adeno 
carcinoma t 
Nodular hyper 
plasin of 
adrenal cortex 
Mating with male 


20 


Extensive 

No 


•> 

0 


Evtcneiie 

No 


Slight 

No 


of tumors can be atte mpted 

— part bj a grant from the Josmh Mncy, Jr , 
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slower than w'lth normal females The vaginas of some of the 
JAX C57 black females failed entirety to open although observed 
from birth up to 20 months of age Usuall}, however, a small pore 
appeared and remained more or less open 

The uterus of the JAX dba and JAX C3H mice after remaining 
small up to about 6 months of age began to enlarge and attained a size 
as large, and much larger m most cases, than those of virgin females 
of a comparable age The uterine glands were enlarged and some- 
times cystic The JAX C57 black uterus was small and similar to 
that of a pre-puberty female throughout life 

The mammary glands of the high cancer strain females developed 
extensively and mammar}’’ adenocarcinomas appeared in ovariecto- 
mized females of both strains With the low cancer strain some of 
the mammary glands remained rudimentary and comparable to 
those of normal male mice, while others, sometimes m the same 
mouse developed systems with long but slender ducts No mam- 
mary adenocarcinomas w'ere observed Even so-called pre-can- 
cerous changes were not present although frequent m the glands of 
the high tumor females 

The adrenal glands of the JAX dba and JAX C3H mice began to 
show' grossly noticeable areas of nodular hyperplasia^ m a few cells 
m the outer edge of the adrenal cortex around 3 months of age t 
A number of these areas eventuallv appeared and enlarged until the 
adrenal w'as uneven in contour and several times normal size All 
animals had abnormal adrenals In a few cases cortical carcinomas 
occurred and attained a size of one centimeter or more m diameter 
In the JAX C57 black females very small areas of nodular hvper- 
plasia also occurred m the adrenal cortex and in one case, at least, 
at around 3 months of age Few' of these areas appeared, how'ever, 
and but little enlargement of them occurred in later life The con- 
tour and size of the adrenal gland remained quite normal 

Males w'erc experimentally placed w'lth the females but so far no 
\aginal plugs ha\e been found indicating that normal mating reac- 
tions w'ere not attained 

Although the above differences were first noted with mice o\ariec- 
tomized at birth, they have no necessary connection w'lth early cas- 
tration m Itself Marked similar strain differences appeared when 
the ovaries w'ere removed at one month and at 6 months of age 

iWoollcT, G tv, Fckete, Ebrabetb, and Little, C C, Proc Acad Set, 

1939, 25, 277 

1 Some of the earlj" stages were found by tVilliam Daugbaday, a bolder of a 
Harvard Umvcrsity National Scbolarship and a summer student at tbe Roscoe 
B Jackson Memorial Laboratory 
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Conclusion Marked differences appeared in strains of mice 
when they were ovanectomized at birth and then examined m later 
life The high tumor JAX dba and JAX C3H strains showed stim- 
ulated uterus, vagina and mammary glands The adrenal glands 
exhibited extensive nodular, hyperplastic areas All of these organs 
of the low tumor JAX C57 black strain remained essentially un- 
stimulated To ascertain whether the above differences are cliarac- 
teristic of all high and low tumor strains, other strains are being 
studied 
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Observations on Sensitizabon of Guinea Pigs with Alum- 
Precipitated Ragweed Extract 

E J CouLSON AND Henry Stevens (Introduced by A K Balls ) 

From the Bureau of Agricultural Chemistry and Engineering, V S Department 

of Agriculture 


Alum-precipitated ragiveed pollen ex-tract is a potent antigen for 
producmg anaphylactic sensitization in guinea pigs,'~* whereas the 
watery extract is by comparison a poor one Alum-precipitated 
extracts have been successful!)’’ applied m sensitizing guinea pigs to 
house dust*^ and cotton linters' “ ® and m sensitizing dogs to horse 
serum The enhanced antigenic response of the alum-precipitated 
extract is generally attributed to two factors first, retention of the 
antigenic substance by the precipitate so that it is only slowly liber- 
ated into the system, thus producing a continuous stimulation for 
the production of antibodies, and second, tlie local tissue response 
to the precipitate at the site of injection is said to delaj absorption of 
the antigen Thus diphtheria toxoid has been detected at the site 
of injection from a few days to several weeks after administration 


■ 1 Hamson V S Puilio Health Beports, 1&34, 40, 462 

2 CanlfeUd, A H. W , Bromi, JL H., and Wntora, E T , J Allergy 1936, 7, 451 

3 Zo3», A R , Koch, C A , and Hlrosc, B S 1937, 8 329 

4 Sherman W B , StuU, A , and Hampton, S P , J- Immunol , 1930, 30, 447 

0 Conlson E J , and Stevens, H , Paoc Soc Exp Biol axd Med , 1039, 40, 457 

TZu, K d’, and Steens, ^^Uerjy, 1940, 11, 537 

1 S F 'Li sS^A , d 'Allergy, 1940, 11, loo 

m’ B (ihen, S , and Hawver, K., J Allergy, 1939, 10, 561 
10 Wat“ra, E t’, Markoivitr, J , and Jaqnes, L B , Science, 1938, 87, 582 
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of alum-precipitated toxoid ” ^ The experiments recorded here 
were designed to determine v^hether antigenic constituents of rag- 
weed pollen could be detected in the indurated nodule that forms at 
the site of injection of the alum precipitate in gumea pigs and per- 
sists for several months 

Experimental An alum-precipitated rag^veed pollen extract 
(1-20 dilution) was prepared m the manner previously described® 
For sensitizing, 1 ml of the whole alum-treated extract was em- 
plojed for subcutaneous injection because it was found that the 
antigenic constituents were not completelv precipitated bj^ the alum 
Thus precipitates, separated bj' centrifugation from two 1 ml aliquots 
of the alum suspension, ivere suspended in 0 9% sodium chloride 
and injected subcutaneously into 2 normal gumea pigs The super- 
natant solutions, without further treatment, were likewise injected 
into 2 normal animals Thirtj -four days later each animal received 
an mtraienous injection of 1-100 ragweed extract in 0 9% sodium 
chloride The results are sho\vn in Table I 

Each animal sensitized with the alum precipitate w as found to be 
fatall) sensitized At autopsy indurated nodules w ere found at the 
site of the sensitizing injection The animals that had been sensitized 
with the supernatant solution from the aliun-precipitated extract 
showed symptoms of anaphylaxis but were not fatally sensitized 
No nodule w as present m either of these 2 animals at the site of the 
sensitizing injection 

After an incubation period of 30 days gumea pigs sensitized w'lth 
the w'hole alum-treated extract regularly respond w’lth anaphylactic 
shock upon tlie intravenous admimstration of rag^veed pollen extract 
Fourteen animals sensitized m this manner w'ere injected intra- 
venousl} wuth 0 1 ml of a 1-100 w^ater extract of pollen Eight 
responded wuth immediate fatal anaphjlaxis, 4 with severe anaphy- 
laxis, and 2 with moderate anaphylaxis Of 29 animals sensitized in 


TABLE I 

Sensitimtion with the Precipitate and Supernatant Solution from Alum Treated 
Bagweed Pollen Extract * 


Animal 

No 

Sensitized 

Wltll 

Test injection, t 
ml 

Symptoms 

407 

Precipitate 

02 

Fatal anapbylans, 3V* mim 

409 

y f 

02 

f> r* 4 " ft 

406 

Supernatant 

0^ 

Severe anaphylaxis 

408 

J y 

04 

SUght ” 


•Period between aemitiration and shock was 34 days 
iShock material was 1 100 aqueous pollen extract 

11 Glenny, A T , Buttle, G A. Hi., and Stevens, M. F , / Path and Pact , 1931, 
84, 2G7 

12 Hamson, W T , Am J Pub Health, 1935, 85, 298 
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the same manner and injected with 0 05-0 1 ml of a 1-20 water 
extract of pollen 23 responded with fatal anaphylaxis and 6 with 
severe anaphylaxis 

To determine whether antigenic components of ragweed pollen 
remain unabsorbed m the indurated nodule that appears at the site 
of injection of the alum precipitate, the following experiments w^ere 
performed 

Ten guinea pigs weighing between 261 and 347 g w'ere sensitized 
with alum-precipitated ragiveed extract Thirty-three days later 
when 2 of the animals were tested for sensitivity by intravenous in- 
jections of 02 ml of 1-100 pollen extract both responded wuth fatal 
anaphjlaxis in 2j4 and 3 minutes, respective!)" The remaining 8 
animals were killed by a blow at the base of the skull and the nodules 
resulting from the sensitizing injection were dissected Nodules 
from 2 or 3 sensitive animals were pooled, triturated in 0 9fo 
sodium chloride and injected subcutaneously into 6 normal guinea 
pigs In order to exclude the possibility of passive sensitization 
2 of the animals were tested for sensitivit)' 4 days after injection 
with the nodules (Table II) Neither of these showed any s)Tnptoms 
of anaphylaxis Both responded w'lth fatal shock upon injection of 
pollen extract 28 days later The 4 remaining animals at the end 
of the 32-day incubation period w ere all demonstrably sensitiv^e to the 
ragw'ced extract At autopsy nodules w ere noted in some of these 
animals but had disappeared in others 

Discussion The fact that it is possible to activ^el) sensitize a 
second guinea pig by the material that is walled in b) the cyst which 
forms at the site of injection of alum-precipitated ragweed extract 
indicates that the original antigenic substance must be present in 
practically an unchanged condition and that alum considerablj" 
delavs the absorption The continuous stimulus exerted by the slowly 
absorbed antigen therefore ma) account for the enhanced antigenic 
potenc)" of the pollen extract 

TABLE n 


Sensitiiation with Induntcd Nodules 


Aniuinl 

No 


866 

870 

867 

868 
869 
873 
888 


Sensihzed mill Incubihon 
nodules from 
nmmnls No 

" 760, 788, 789 

798, 802, 803 

760, 788, 789 
791, 792 
791, 792 
798, 802, 803 
Control 


„,uu Test 

period, injection,* 
days ml 


4 

32 

4 

32 

32 

32 

32 

32 


02 

02 

03 

02 

02 

OH 

02 

02 

05 


Symptoms 


N-| 


• min 


unp 

None 3% > 

” 3)4 nun. 


Fatal 
Slight 

Moderate 

Fatal 

Fatal 

None 


3)4 min. 
6 ” 
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Variation in Immune Response to Brucella abortus Depending on 
Route of Admimstrabon 

Paul O Hageman and J A Doubly (Introduced by David 

P Barr ) 

From the Department of Medicine, Washington University School of Medicine, 

St Louts 

A perplexing diagnostic problem is presented by the combination 
of TOgue complaints, low titer Brucella agglutmation, and positive 
Brucellergen skin test Whether such findings indicate past or 
present infection or whetlier they lack significance is a fundamental 
problem 

It vas thought that the ingestion of milk containing Brucella 
organisms killed b} pasteurization might be responsible for this 
confusion bj stimulating the formation of agglutinms This 
h}'pothesis seemed especiallv plausible, since heat-killed B typhosus 
gnen orally and intra\ enously juelds similar immunological re- 
sponses, and particular!} because of the similarity in tlie accepted 
patliogemcities of typhoid and undulant fevers The investigation 
of the immune reactions to Brucella abortus following injections bj 
tliese routes u as undertaken 

Technic A stock culture of Brucella abortus (National Insti- 
tute of Health strain No 456) was grown m dextrose beef 
infusion broth aerobically at 37°C for 48 hours The flasks were 
then heated m a waterbath for 30 minutes at 60^C Samples of the 
heated culture showed no grow'th after 4 days’ incubation at 37°C 
Part A Three groups of 4 rabbits each w'ere used 
Group I recened the heat -killed organisms suspended in milk by 
stomach tube After centrifuging the heated culture for 20 min- 
utes at 3,000 r p m discarding the supernatant fluid, the organisms 
w'ere resuspended in the same %olume of fresh sweet pasteurized 
whole milk 

Group II received the heated broth culture intravenously 
Group III served as controls, received no injections, were kept on 
a regular diet and bled at the same mterv als as Groups I and II 

During the first week 0 5 cc of culture or its milk suspension equiv 
alent w as gi\ en for 3 successive da} s, in the second w'eek 1 cc w'as 
given on 3 successive days, and so on, 1 5 cc m the third iveek, and 
2 cc in the fourth w'eek Blood was drawm for agglutination tests 
with the homologous strain before the first dose of organisms was 
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Immune Response to Brucella abortus 


TABLE I 

Agglutination Titers. 

Babbit 

Group 




Days 




1 

Injections began 


7 

14 

21 

SI 


o» 

oral 


0 

0 

0 

0 

n 

0 

intravenous 

1 

1040 1 

1 5120 

1 6120 

1 4480 

m 

0 

— 


0 

0 

0 

0 


0 

oral{ 


0} 

0 

0 

0 

n 

0 

intravenous 

1 

640 

1 1280 

1 1280 

1 1280 


•g _ No agglutination in dilution of 1 20 
tFigurea quoted are averages for the group 
{Oral doange of organiams in Part B is 20 x that in Part A 
fiOne rabbit in this group died of a m il k pneumonia because the injection ivis 
given intrabronchially Titer of 1 20 was present just before death. 

given, and at weekly intervals thereafter, and again 10 days after the 
final dose had been given 

Part B A second batch of heat-kiUed broth culture of Brucella 
was prepared as described above Two groups of 4 rabbits eacli were 
used one receiving by stomach tube the same volumes of a milk 
susprasion of the heat-killed Brucella culture concentrated 20 times 
(te ,0 5 cc milk contained the organisms from 10 cc of the original 
culture) , and the other receiving the heated culture intravenously in 
the same doses employed in Part A Bleedings were made at the 
same inten^als as in Part A 
Results See Table I 

Part A Rabbits receiving heat-killed Brucella organisms bv keni 
developed agglutinins for that organism, while the same number ot 
organisms given orally failed to stimulate the formation of agglu- 
tinin response , or, 4. o, 1. 

Part B Increasing bj 20 times the number of organisms given 

orally faded to stimulate formation of agglutinins 

Discussion Data presented here clearly indicate that, under the 
conditions of this experiment, heat-killed Brucella organisms in- 
troduced into the intestinal tracts of rabbits do not lead to the forma- 
tion of agglutinins The antigen is either not absorbed or is 
altered sufficiently b} digestive processes so that it loses its antigen- 
ritv In view of these results, ingestion of heat-killed Brucella 
nri^isms w ould not seem important as a cause for Ion agglutination 
titers for this organism Liken ise attempts to immunize against 
tins infection by oral administration of non-viable Brucella organ- 

’""Sicilian’ "^Rabbits develop agglutinins for Brucella abortus fol- 
lowme intravenous iniections but fail to do so after sizeable doses 
are introduced into the stomach 
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Calcium in Acute Pancreatic Necrosis * 

Hugh A Edmondson and Irving A Fields (Introduced bj' 

E M Hall ) 

From the Department of Pathology, XJntverstiy of Southern CaUfomia School of 
ileSicine, and the Laboratory of the Los Angeles County Hospital 


In acute pancreatic necrosis neutral fat is split into fatt) aad and 
gljcerol b} the action of lipase The glycerol is absorbed and the 
fatt} acids combine ith calcium to form soaps ^ 

Recently one of us (H A E ) performed an autops} on a patient 
who died with sjmptoms of shock and tetanj Extensne fat nec- 
rosis in and around the pancreas and fat embolism were obsen^ed 
The carbon-dioxide combinmg power was 47 volumes %, so alka- 
losis could not haie caused the tetany Seirnn calcium was not 
determined antemortem It occurred to us that possibly due to 
excessne formation of fattj acids and subsequently calcium soaps, 
enough calcium had been removed from the blood to cause tetany 
On anal} sis a 2 g sample of pancreas and penpancreatic tissue con- 
tained 10 5 mg calcium or 525 mg per hundred g tissue As there 
were at least 300 g of tissue so affected some 1500 mg of calcium 
may be assumed to have been present This figure is slightly in excess 
of the total normal amount of calcium in the blood serum and the 
extracellular fluid combined The total serum calaum ma} be esti- 
mated at 600 mg There is about 3 times as much extracellular 
fluid as blood plasma " Studies of transudates reveal an average 
calcium content of 7 5 mg’ or an estimated total of 750 mg in the 
extracellular flmd 

No published accounts could be found of the total calcium m the 
lesions of acute pancreatic necrosis or of the serum calcium level m 
this diease 

We ha^ e since studied 2 additional cases w hich came to necrops} , 
in one (G C ) the disease followed surger} and was of less than 24 
hours’ duration In this case the entire pancreas and involved 
penpancreatic tissue was used for anal} sis In the second (CL ) 
all the tissue r2250 g) was ground 3 times and 3 separate samples 
were taken which contained almost identical amounts of calcium 

* Aided by a gift from Ethel Mossman Jacobs 
1 Langerhans, E, Virchows Arch f path Anat , 1890, 122, £52 
- Gamble, James L, Bull Johns Hoplins Hosp , 1937, 01, 15L 
3 Green, C Bollman, J L, Keith, M 5L, and Wakefield, E G, J Biol 
Chem , 1931 01, 203 
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Further Studies on Active Milk Influenee in Breast Cancer 
Production in Mice *' 

John J Bittnek (Introduced by C C Little ) 

T^rom iho Botaoc 1) JaeXson MemonaX iMXtoratory, 73ar Uafhor, Sfaine 

The purpose of this article is to summarire the published evidence 
and to present new material that the milk influence m inherited breast 
tumor production in mice is an actual and active influence 

In this paper the term tumor or cancer signifies breast carcinoma 
and unless otherwise stated, all the females were used as breeders 

Various experiments have been reported by the author'''® on the 
role played by the milk influence, genetic susceptibility and/or 
hormonal stimulation m the etiology of inherited breast cancer in 
mice Others have confirmed the work regarding the milk influence 
in different strains 

The analysis of the data also indicated that another type of breast 
carcinoma may develop m mice which apparently is not genetic since 
the progeny do not show tumors The milk influence is generally 
inactive m such animals and the other etiological factors are not 
clear No difference has been noted in the histological structure of 
these tumors 

' Ansmted by RranU from tlic Notional Cancer Inatltute and tbo International 
Cancer Ilcseareh Foundation 
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TABLE L 

Calcium Content of Legions in Acute Pancreatic Necrosis Compared inth Normal 
Hninan Controls 



Pancreas 

On mg 
per 100 g 
wet tissue 

Peripancreatic 
fattv tissue 

Ca mg 
per 100 g 
wet tissue 

Total Ca mg in pancreas 
plus 2 kg of 
adjacent fatty bssue 

GB (control) 

66 

2 6 

Estimated mn-ninTim 58 0 

EQ 

53 

2 3 

” ” 52 0 

HB »’ 

6 0 

3 6 

,, n jSd 


525 0 


” 1500 0 

GO 

— 

— 

200 0* 

CB 

178 0 

152 0 

1732 0 


'Disease of less than 24 hr duration. 


TABLE n 

Seram Calcium m Eleven Cases of Acute Pancreatic Necrosis (Cluucal) 


Serum calcium per hundred cc of blood Besnlts tabulated on days 
which represent tune elapsed since onset of illness 
Name 1 2 3 4 5 6 7 8 9 10 U 12 13 14 


BW 


7 






OB 





8 


94 94 

TB 

96 







VC 


83 




97 


JE 


87 



84 



WJ) 

10 3 







JB 






79 7 7 

74 7 6 13 4 







77 

SA 101 

LK 

96 

9 1 


94 






85 

85 





ME 


9 7 

9 7 








94 





AJD 



97 





JM 

0 


89 

88 





Three normal controls were also studied The results are given in 
Table I To give comparable figures for the controls an estimate 
was made of the amount of calcium in the pancreas (estimated 
weight 100 g) plus that in 2 kg of adjacent fatty tissue 

We have also studied the serum calcium (Table II) in 11 indi- 
viduals who clinically were suffering from acute pancreatitis In 
all of these the urinary diastase and/or blood amylase were greatly 

increased 

Conclusions As much as 1732 mg of calcium may be present in 
tlie lesions of acute pancreatic necrosis A moderate fall in serum 
calcium levels in acute pancreatic necrosis may occur behveeii the 
3rd and 11th days of illness 
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Further Studies on Active Milk Influence in Breast Cancer 
Production m Mice * 

John J Bittner (Introduced by C C Little ) 

From the Eoscoe B Jackson Memortal Laboratory, Bar Marbor, Matne 


The purpose of this article is to summarize the published evidence 
and to present new material that the milk influence in inherited breast 
tumor production m mice is an actual and active influence 

In this paper the term tumor or cancer signifies breast carcinoma 
and unless othenvise stated, all the females were used as breeders 
Various experiments have been reported by the author^'^" on the 
role played by the milk influence, genetic susceptibility and/or 
hormonal stimulation in the etiology of mhented breast cancer m 
mice Others have confirmed the work regarding the milk influence 
m different strains 

The analysis of the data also indicated that another tj'pe of breast 
carcinoma may develop m mice which apparently is not genetic since 
the progeny do not show tumors The milk influence is generally 
inactive m such animals and the other etiological factors are not 
clear No difference has been noted in the histological structure of 
these tumors 

• Assisted by grants from the National Cancer Institute and the International 
Cancer Besearch Foundation 

1 Bittner, J J , Science, 1936, 84, 161, 

~ Bittner, J J , Am J Cancer, 1937, 30, 530 
3 Bittner, J J , Am J Chn Path , 1937, 7, 430 
•< Bittner, J J , and Little, C C , J Hered , 1937, 28, 117 
0 Bittner, J J ,J Hered , 1937, 28, 363 
® Bittner, J J , Am J Cancer, 1937, 3S, 90 

T Bittner, J J , Am J Cancer, 1939, 80, 44. 

8 Bittner, J J , Pub Health Bep , 1939, 64, 1113 

9 Bittner, J J , Pub Health Eep , 1939, 64, 1590 

10 Bittner, J J , Pub Health Eep , 1939, 54, 1642 

11 Bittner, J J , Pub Health Eep , 1939, 54, 1827 

12 Bittner, J J, Am J Cancer, 1940, 88, 95 

Is Bittner, J J , Am J Cancer, 1940, 30, 104. 

w Bittner, J J , Bull limn Med Foundation, June, 1940, p 94. 

IS Bittner, J J , Third Intemat Cancer Congress, 1939 
10 Bittner, J J , Nat Cancer Inst J , in press 

17 Andervont, H B , and lIcEleney, W J , Pub Health Bep , 1939, 63, 777 
IS Andervont, H B , and lIcEleney, W J , Pub Health Eep , 1939, 64, 1597 
10 Korteiveg, B , Third Internat Cancer Congress, 1939 
20 Snell, G D , Third Intemat Cancer Congress, 1939 
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In the earlier papers it was stated that the madence of breast 
tumor m mice ("A” stock) might be reduced from 90% (over 500 
animals) to 8 % (127 mice) by fostering the young of high breast 
tumor stock mothers to females of low breast tumor strains The 
young were transferred before they were 24 hours old, and only one 
generation as fostered 

However, some of the young which were permitted to remain with 
their potentially tumorous mothers for less than 24 hours developed 
tumors as did some of their progeny Other mice of the same 
fostered htter did not develop tumors and had descendants whicli 
likewise gave a low incidence of breast tumors, the madence being 
similar to that observed m virgin females of the stock. 

Fifteen young which were fostered not before from 1-5 dajs 
after birth gave a tumor incidence of 87% 

Twentj'-seven young of fostered “non-breast cancerous” females 
were given to control (high cancer) “A” stock females the day of 
birth, tumors resulted in 89% of these mice The fostered “non- 
breast cancerous” females nursed 29 of thar progeny and no tumors 
were recorded 

To determine if the milk influence was present only in the first milk 
secreted by a lactatmg female, some high tumor stock females were 
permitted to nurse their litters for 4 days before being used as foster 
mothers * “ The 3 'oung fostered were BAF, hybrids (Cc- black or 
“B” ?$ X “A” d'd') When the high tumor stock females were 
used as foster mothers the same day their omi litters nere bom, 
the fostered Fi females had a tumor incidence of 87 3% (63 ani- 
mals) Females used one day after their litters were bom nursed 
54 BAFi mice and these females showed a breast tumor incidence 
of 85 2% Two mice in each group developed internal tumors and 
if they are not included the respective ratios were 90 2% and 88 5% 
Twelve BAFi females were given to “A” stock females which had 
nursed for 4 da}S , all of the hybrids developed breast tumors 

Hvbnd females (BAFi) which had maternal parents from a 
low breast cancer stock and paternal parents from a high breast 
cancer stock have a spontaneous breast tumor incidence of 2 % it 
they are nursed by their maternal parents “ The number of mice 
observed was 118 If inoculated with grafts of spleen or thymus 
from 4 -week-old “A” stock donors, or lactatmg mammary tissue 
from older animals, the observed incidence was 21 7% for 46 mice 
control breeding females (246 animals) had a tumor inci- 
dence" of 0 6 % and 11 inoculated mice of the same generation gave 
18 2% cancer Seventeen BAF- mice descended from inoculated 
BAF^° females showed a mammarj^ gland tumor incidence of 
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29 4%® ’® The mice of the inoculated groups \\ere older at 

the time of tumor de\elopment than the control animals 

ABFi (“A” $?x“B’ $5) females, totaling 122, nursed by “A” 
stock females showed an incidence of 94 3%, whereas h} hr ids w'hicli 
had fostered “A” stock (low tumor)t maternal parents gave 0 6% 
cancer Another group of 37 ABFi females was taken from their 
high tumor stock mothers and given to inbred Cc- black stock females 
wnth a resulting breast tumor incidence of 8 1% for 37 mdniduals 
Similar mice nursed b} “B” stock females which m turn had been 
suckled b) low tumor BZFi by B? hybrids (2 6% cancer, 39 mice) 
gave 4 2% cancer for 48 mice If “B ’ stock females whidi had 
been nursed by high tumor hybrids (BZF, b) Z or CsH? — 79 1% 
cancer for 43 animals) were used as foster mothers for ABFi 
females, these mice developed tumors in 78 4% of the total or 51 
animals 

Cg- black stock mice when nursed by high tumor stock females 
(“A” or CjH) ha^e a breast tumor mcidence of appro\jmatel) 
10% The number tested w'as 104 
Ten mice of a subdine of “A” stock fostered mice, ha^mg a 
tumor mcidence of 4 5% for 245 breeding females, were fed an 
average of 5 cc of macerated liver per animal w hen the} w’ere 4 w eeks 
of age Tumors have not de\ eloped and the living animals are 16 
months old Ten additional females received by mouth an a\erage 
of 1 7 cc of milk obtained from lactating females (“A” stock) 11 
to 19 da-\s after their litters were born One animal died at 356 
days of age, 8 have developed tumors, average age 276 da}s, and 
the remaining animal is hvmg at 16 months of age Ten other 
females, also 4 weeks of age, consumed an a\erage of 0 9 cc of milk 
from the same source Se^en of the group are living (16 months) 
and 3 have developed tumors, average age 303 days This work is 
being repeated and additional animals are under observation The 
“A” stock donors (milk and liver) were from 92 to 155 da}s of age 
The injection of estrogenic hormones has failed to produce breast 
tumors in control Cg- black stock mice Alales of this strain 

nursed by females of the Pans R III high breast tumor stock will 
gpve rise to breast tumor following the implantation of cr}^stals of 
estrone (Twombl}'^*) Pans R III males nursed by Cgt black stock 

t Made by fostering “A” stock young to "B” stock females The use of 
such animals eliminated the possibilitr of the hybrid voung from obtaining milk 
containing the active influence 

nSuntzeff, V, Bums, C L., Moskop, IL, and Loeb, L., Am J Cancer, 193C, 
27, 229 

22 Tmombly, G H., Proc Soc Exp Biol ax-d Med , 1940, 44, 017 
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females had a lower incidence of induced tumors than did the 
control animals 

Pellets of theehn (average weight 0 2 mg) and estradiol benzoate 
(average weight 015 mg) were implanted subcutaneously into 6 
males and 13 females of the “A” high tumor and 19 males and 24 
females of the fostered “A” low' tumor stock Animals dying from 
too much hormone before the appearance of the earliest tumor, 147 
days following injection, are not included The results for the 2 
hormones are combined as they w ere verj' similar Six high tumor 
females and 3 high tumor males have developed tumors (47 4% 
of the total) The average tumor age for the females was 189 days 
and for the males 185 daj's follow'ing injection 

Eleven fostered “A” stock females and 12 males are still alive, all 
being over 330 days of age The other females survived an 
average of 242 days and the deceased males 248 days No tumors 
w'ere obsen'ed m either group 

Three induced tumors have been noticed among 12 high tumor 
CsH stock males and females w'hereas 18 fostered CgH animals 
have been negative Hybrids have also been injected with estrogenic 
hormones but many are still living Tumors have appeared only m 
the animals which w'ere nursed by high breast tumor stock females 

Disckssjoii The foster-nursing experiments were started m an 
attempt to explain the maternal influence observed in breast tumor 
development in mice 

Since 1936^ it has been apparent that the incidence of breast 
tumors observed in high cancer strains of inbred mice might be 
reduced as the result of foster-nursing the j'oung of such mothers 
by females of a low breast tumor strain To account for these results 
It w'as assumed that a “breast cancer-producing influence” was 
transferred through the milk of breast cancer stock mothers to their 
progeny Others stated however, that the absence of an active 
influence from tlie milk of cancerous strain females would produce 
similar results The importance of the inherited breast cancer 
susceptibility factor and hormonal stimulation of the mammary 
tissue were emphasized in later work* * but need not be considered 

in detail here r . 

It was noted m the first experiments that if the fostered progeny 
of cancerous stock mothers were non-breast cancerous, few tumors 
Avere obsen'ed m their progeny and descendants The progeny of 
“fostered non-cancerous” females nursed by cancerous stock females 
behaved as cont rol or cancer stock individuals If the fo stered 
LoWtoir, Sccncc 1933, 78, 4G5' 
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females of a cancerous stock were themselves cancerous, breast 
tumors were common among their progeny 

The importance of the time mten'al between birth and fostering 
was obvious when tumors were observed in the progeny of cancer 
stock mothers wdiich w'ere permitted to remain wuth tlieir maternal 
parent longer than 24 hours The incidence for young fostered 
within 24 hours after birth w^as low , the incidence for 3 'oung fos- 
tered after 24 hours follownng birth approached the incidence 
recorded for the control animals That the influence was active 
after the first milk had been secreted w'as manifested bj"^ the use of 
foster mothers of a cancer strain after they had nursed their owm 
litters for 4 days 

Breast tumors have also resulted follow’ing the inoculation of 
lactatmg mammarj^ gland tissue, spleen and tlij-mus from donors 
of a high tumor stock and by feeding 4-week-old mice a small 
amount of milk obtained from lactatmg females 11 to 19 daj'S after 
their litters were bom The incidence and average tumor age 
seemed to be determined by the amount of the active influence 
obtained by the animals Macerated liver fed by mouth has failed 
to produce tumors although Iner obtained from j'oung donors has 
not been used 

Females of a low' breast cancer stock w'hen nursed by high 
tumor stock females (“A” or C H) have a breast tumor incidence 
of approximate!}' 10% The incidence is low', presumably, 

because tliey do not have the genetic breast cancer constitution 
Fostered low breast tumor stock females do obtain the active milk 
influence when nursed by high tumor females and although tliey 
may not develop tumors, the influence may be transferred by nursing 
to other animals and tumors generally will develop in mice having 
the genetic breast cancer susceptibilitj 

The discussion of the relationship of tlie milk influence to induced 
estrogenic tumor induction must be delajed until further experi- 
mental data are available 

Thus all the evidence indicates an actual active influence m the 
milk of cancerous strain females It is probablj present during the 
entire lactation period as it is active in tlie first milk, m the milk 
obtained bj' nursing 4 days after the birth of a litter and in that 
secured 11 to 19 days after the beginning of lactation 

Couchiswus The “breast cancer producing influence” is an actual 
active “influence” present m the milk of high cancer stock females 
It is probably present and active during the entire lactation period 
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The active influence may be transferred by the inoculabon of spleen, 
thjnnus, and lactating mammary gland tissue from cancerous stock 
animals The active influence probably is not present (or has been 
destroyed) m the liver of high tumor stock mice The active in- 
fluence may be given to 4-\\eek-old females by feeding-by-mouth 
milk obtained from lactating females of a cancerous stock Fostered 
females of low breast tumor strains need not develop breast tumors 
to transfer the active milk influence by nursing An active milk 
influence may be necessary for the development of induced estro- 
genic breast tumors 

(A future publication ivill show that a low breast tumor strain 
of mice may “acquire” an active milk influence at any time, resulting 
in a high breast tumor strain ) 
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Appearance of the Melanophore-Expanding Hormone of 
Pituitary Gland in Developing Chick Embryo * 

Graham Chen, Frances K Oldham and E M K Geiling 

From the Departments of Pharmacology and Anatomy, University of Chicago 

The purpose of this investigation was to determine when the 
presence of the melanophore-dispersing hormone can first be demon- 
strated in the developing chick embryo with a view to correlatmg the 
appearance of the hormone with the structural development of the 
pituitary gland 

Material and Methods Hybrid eggs (Red-Rock) were incubated 
for periods of from one to 13 days In embryos of 5 days and over, 
the pituitary region was removed with the aid of a dissecting micro- 
scope In the 2- 3-, and 4-day embryos, the head of the embryo 
was utilized, and at the one-daj stage the entire embryo was used 
The material was ground up m a small volume of saline or 2S% 
acetic acid together witli a few drops of 2 5% NaHCO, to bring 
the material to about pH 8 The resultmg suspension was injected 
into the ventral sac of an hypophi sectomized frog The hypophyseal 
region of 6 to 20 chicks was used, depending on the age of the 

enibrj'O , ^ , 

Certain technical precautions were observed Only frogs whicli 
had been hiTiophysectomized for at least 2 weeks were used, and the 
sensitivity of these nas insured by testing them with minute doses 

r^i,j inreshgation was supported br grant from tlic Committee on Research 

.n Endocrinology, National Research Council 
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of standard pitmtar} extract Control injections of the acetic- 
bicarbonate mixture nere made prior to injecting the suspension 
Further control experiments ere made n ith other tissues or regions 
of the embrjo, and ^Mth extracts of acetone-desiccated ponders, 
prepared from both the }olk and white of fertile and unfertile eggs 
In no control case w as a positn e result obtained 

For histological stud} serial sections of the pituitar}'- and sur- 
rounding structures of chick embrj'os ranging from 2 to 21 dajs’ 
incubation were available 

Observation Melanophore-dispersing activity could be elicited 
from the hj'pophjseal tissue of embrjos of 5 da) s' incubation and m 
all subsequent stages No attempt was made to estimate the exact 
amount present Howe%er, it was found that in the 5-day-old 
embrj'os an extract prepared from 18 specimens ga\ e a gross dark- 
enmg of the frog which lasted for about 2 hours, w'hile 9 and 6 
specimens respectnely gave a slight and a doubtful microscopic 
expansion of the melanophores 

Examination of serial sections of the chick embrj'o shows that 
the hj-pophysis undergoes considerable structural change bet\\een 



Pia 1 

A ond B Pituitary gland in chick embryos of 4 and 5 days’ incubation respec 
tively Solid black = anterior lobe Stippled = brain and neural lobe (X T, ) 
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the fourth and fifth da}"^ of incubation (Fig 1) In the 4-day 
embryo the anterior lobe consists essentially of a wide evagination 
of the buccal epithelium, several ranks of nuclei in thickness There 
is no indication of a neural lobe In the 5-day embryo, the proxi- 
mal end of the buccal evagination is constricted and attenuated, while 
the walls of the distal portion have become greatly thickened, Yith 
bud-like outgrowths extendmg into the surroundmg mesench)Tne. 
The neural lobe appears for the first time as a small evagination of 
the infundibulum, iihich comes m close contact witli the tip of the 
anterior lobe 

Discussion The hypoph 3 'seal extracts prepared as described in- 
cluded varjnng amounts of neural lobe, brain, and mesenchyme in 
addition to anterior lobe tissue However, since m the adult 
chicken^ the melanophore-expanding hormone is present m anterior 
but not in neural lobe extracts, it is assumed that m the chick the 
hormone arises m the anterior lobe 

The melanophore-dispersmg activity in the developing chick 
hypophysis precedes the appearance of granules in the cells of the 
anterior lobe From the above experiments the hormone appears 
first at the fiftli day of incubation, while our own unpublished ob- 
servations and those of Rahm show that the cells first exhibit a 
general basophilic tendency at the eighth day and both basophils 
and acidophils appear at the tentli day This is m accord with 
similar observations on the pig embr^^o According to Snyder,* 
melanophore-dispersmg activity is present in the 30 mm embry'o, 
while Nelson’ reports the appearance of basophils at 70-100 mm 
and of acidophils at 160-170 mm, coincidental with the appearance of 
growth and gonad stimulating activity respectively 

Some inyestigators, notably Blount,* are of the opinion tliat in 
at least some species contact witli neural tissue is necessary for dif- 
ferentiation and functioning of the intermediate lobe, which elabo- 
rates the melanophore-dispersmg hormone in those species which 
possess an intermediate lobe It may therefore be of significance 
that melanophore-dispersmg actnity' is not demonstrable m tlie 
chick hypophysis until the neural lobe has appeared Against this, 
however, is the fact that in the adult chicken the concentration of 
the melanophore-dispersmg hormone is lowest m the juxta-neural 


1 DeLaivder, A. IL, Tarr, L , and Gelling, E M K,J Pharm and Exp Thcrap , 

, J ilorpTi , 1939, 64, 483 
8 Snyder F F , Am J Anal , 1928, 41, 399 
4 Nelson' W O , Am J Anat 1933, 52, 307 

5 Blonnt, E F , / Fxp Zool , 1932, 03, 113, Anat Ecc , 1939, 73, Snp I, 7 
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region of the anterior lobe ° and, furthermore, the changes in the 
anterior lobe itself are sufficiently marked to account for the ap- 
pearance of the hormone in the 5-dav but not in the 4-day chick 
embrjo 

It IS proposed to extend this work to include a study of the ap- 
pearance of the pressor and 0x340010 hormones in the pituitary of 
the developing chick embryo 

Conclusion The melanophore-dispersing hormone is first de- 
tectable in the developing chick embr3'0 of 5 da3's’ incubation At 
this stage, the anterior lobe no longer appears as a simple evagmation 
of the buccal epithelium The fact that the neural lobe first appears 
at this stage ma}^ or ma}' not be of significance 
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A Method of Preparing Isolated Intestinal Loops m the Dog * 
Mildred E Doster-Virtue and Robert W Virtue 

From the Department of Chemxetry, University of Denver, Denver, Colorado 

Intestinal absorption experiments were carried on for 2 }ears 
with open fistulous loops of the Thir3' t3"pe as modified by Johnston ^ 
The double balloon method as adopted b}' RiegeP was also used for 
some months Our results were not satisfactory as leakage often 
occurred and the animals required too much attention during exper- 
imental periods 

Therefore, a new operative method of closing intestinal fistulae 
has been developed and used during the past 2 3"ears t Present 
results indicate it to be successful ph3'siologicall3% and superior 
experimentally to former procedures for constructing isolated in- 
testinal loops for absorption studies 

A cylinder of especiall}" prepared bone is implanted at the proximal 
end of the loop so that granulation tissue invades the interstices 
of the cancellous bone and forms a sealed closure for the loop 

0 Klemholz, L BL, and Balm, H , Anat Fee , 1940, 76, I5L 

* A portion of this work has been done at the Jledieal School of the Universitv 
of Colorado by the courtesy of Dr R W Wlutehead 

1 Johnston, Chas G , Peoc Soc Exp Biol, and Med , 1932, 30, 193 

" Eiegel, Cecelia, Elsom, K O , and Eavdin, I , Am J Phi/siol , 1935, 112, 
6C9 

t This work was aided br a grant from the New Orleans 4cademv of Sciences 
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Previously reported Mork with bone transplants has been done by 
Orell,* * Bisgard," ' A.lbee/ Wurm/ Girhani,® and Pokotilo 

Female dogs var3nng from 10 to 25 kg m weight have been used 
for the following surgical procedure Six to 9 inches of small in- 
testine are isolated for the loop, and the distal end is closed The 
intestinal tract is anastomosed by a side-to-side apposition in the 
smaller animals and an end-to-end in the larger ones, by usual surgical 
methods The open end of the loop is then inverted about the 
cylinder of bone which has been prepared and sterilized with a size 
14 catheter through it The accompanying diagrams show this 
procedure Sutures hold the bone cylinder invaginated into the end 
of the loop so the serosal lay'er is held snugly to the surface of the 
bone The catheter is brought out tlirough the right rectus muscle, 
and the loop is anchored by retention stitches 

The work of Orell,^^ ** Ghormley,'® and Tavernier'* on hetero- 
geneous bone transplants and implants suggested some methods of 



3 Orell, S , Acta CJiir Scandinav , 1934, 74, 1 

■t OreU 8 , Surg Gynecol and Ointetncs, 1934, BO, 638 

0 BiBgard,’ J D , Arch Sura , 1935, 30, 748 

0 BiBgard, J D , and Farns, J il , Surg , Gynecol and Obstetrics, 1938, 00, 173 

7 Albee, T H , Proc Uoyal Soc Med , 1930, 23, 31 

8 Wurm H., Verhandl d deutsch path Gesellsch , 1930, 25, 191 
OGirhani, G , Arch Ital de Chtr , 1932, 31, 268 

10 Pokotilo, K. L., and Kosdoba, A S , Mitt a d Grensgeb d Med ii Chir , 

/ Sonc and Joint Snrp. 1937, 19, 873 
12 Oreu! 8^ Surg , Gynecol and Obstetrics, 1938, 60, 23 
« Ghile;, E H., and 8tnck, W G , Aroh Surg, 1934, 28, 742 
U Tavernier, Lyon Chir , 1930, 2., 283 
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treating osseous tissue for surgical uses Our modified procedure is 
to use the solid areas of femorii or humerii of cattle and cut them 
into small cj finders about one-half mcli long These pieces of 
raw bone are placed in 5% alkali orernite, washed with rvater for 
one hour, placed m acetone for one hour, and dried thoroughly 
Size 14 catheters are cemented into the cylinders b}”^ a special rubber 
cement t The lower end of the bone is also coated with it to seal 
the porous opening and stop an^ possible seepage through the 
cjdinder Ordmarj" rubber cement and se\ eral common plastics 
disintegrated m from one to 8 w eeks in the animal body 

In 10 dogs autopsied or reoperated for remoral of the loops, the 
specimens were studied microscopicallj A sealed union of tissue 
into bone was alwajs present macroscopicallj Two microphoto- 
graphs are presented that demonstrate this mrasion of granulation 
tissue into the scaffolding offered bj the bone matrix, and later a 
definite epithelialization from the serosa into the minute channels 
of the osseous cylinder Thus, a combined organic and mechanical 



Fig 1 

Cross section magnification (X junction of bone and intestinal serosa, 

10 days after operation, showing vascular granulation tissue 

\ Gates Bubber Company, Xo 8G75 
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Previous)}' reported work uitli bone transplants lias been done by 
Orel!,’ * Bisgard,® ' Albee/ Wurm,® Girliani,® and Pokotilo 

Female dogs \arying from 10 to 25 kg m weight have been used 
for the following surgical procedure Six to 9 inches of small in- 
testine are isolated for the loop, and the distal end is closed The 
intestinal tract is anastomosed by a side-to-side apposition in the 
smaller animals and an end-to-end in the larger ones, by usual surgical 
methods The open end of the loop is then mverted about the 
C}dinder of bone which has been prepared and sterilized with a size 
14 catheter through it The accompanying diagrams show this 
procedure Sutures hold the bone cylinder invaginated into the end 
of the loop so the serosal laj'er is held snugly to the surface of the 
bone The catheter is brought out through the right rectus muscle, 
and the loop is anchored b}' retention stitches 

The work of Orell,^* ^ Ghomilej,^® and Tavernier^'* on hetero- 
geneous bone transplants and implants suggested some methods of 



3 Orel], 8 , Acta Chtr Scandmav , 1934, 74, 1 
* Orel], S , Sarg Gynecol and Obstetrics, 1934, SO, 638 
3 Eisgard, J D , Arch Surg , 1935, 30, 748 

OBisgard, J and Parna, J il, Surg , Gynecol and Obstetrics, 1938, 00, 173 

7 Albae, T H , Proc Soyal Soc Med , 1930, 23, 31 

8 Wimn, H., Verhandl d deutsch path Gesellsch , 1930, 25, 191 
0 Girliani, G, Arch dial de Chir , 1932, 31, 268 

10 Pokotilo, K. L , and Kosdoba, A a d Gremgeb d ilcd a Chir, 

1936, 44, 390 

11 Orell, 8 , J Bone and Joint Surg , 1937, 10, 873 

13 Orel], 8, Surg, Gynecol and Obstetrics, 1938, 00, 23 

18 Ghormley, E H., and Stuck, W G , Arch Surg , 1934, 28, 742 

14 Tavernier, Lyon Chir , 1930, 2<, 283 
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treating osseous tissue for surgical uses Our modified procedure is 
to use the solid areas of femorii or humerii of cattle and cut them 
into small c} finders about one-half inch long These pieces of 
raw bone are placed m 5% alkali oiemite, washed with water for 
one hour, placed m acetone for one hour, and dried thoroughly 
Size 14 catheters are cemented into the c} finders by a special rubber 
cement i The lower end of the bone is also coated with it to seal 
the porous opening and stop anj possible seepage through the 
c} finder Ordmar} rubber cement and seieral common plastics 
disintegrated m from one to 8 w eeks m the animal bodj 

In 10 dogs autopsied or reoperated for remo\al of the loops, the 
specimens were studied microscopicallj A sealed union of tissue 
into bone was alwajs present macroscopicall) Two microphoto- 
graphs are presented that demonstrate this m\asion of granulation 
tissue into the scaffolding offered b} the bone matrix, and later a 
definite epithelialization from the serosa into the minute channels 
of the osseous cylinder Thus, a combined organic and mechanical 



Fio L 

Cross section magnificntion (y 40) of junction of bone and intestinal serosa, 
10 davs after operation, showing vascular granulation tissue 

t Gates Rubber Company, Xo 8G75 
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Cross section mapufication 25) of junction of bone and intestinal serosa, 
one month after operabon, with granulnbon Ussne becoming dense and fibrous 

stopper IS made at tlie fistulous openings of these intestinal loops 
About 10 da 3 's after operation, experimental absorption or ex- 
cretion periods are begun The loop is irrigated daily bith tap 

water, and all materials to be studied are easily introduced by 
syringes The ease of working on this tj’pe of loop is readil) ap- 
preciated after one has used tlie former types of fistulae As needed, 
the catheter is closed by a Hoffman clamp, but usually it is left con- 
nected to a rubber football bladder that is held beneath the belty by 
a special metal pan that is strapped to the dog This closed drainage 
is a great aid m cleanliness of the animals, and the metal band keeps 
the dogs from cliewmg the catheters 

A rubber disc is cemented about the catheter at the skin surface 
to immobilize it so that over a period of months very little tissue 
irritation occurs Experimental absorption studies on these loops 
IV ill be reported elsewhere 

Thus we present a new operative method of constructing an 
isolated mtestmal loop that allows a convenient, clean, and leak- 
proof closure of the fistula 
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Anaerobic Uptake of Potassium by Frog Muscle 
R. B Deax (Introduced bj W O Fenn ) 

From the Feparimeni of FhysioJogy, School of 2Iedicine and Denitstry, The 
Unnermly of Sochester, Bochester, X Y 

Steinbach* has shouTi that frog muscle loses potassium m ex- 
change for sodium uhen the muscle is soaked m potassium-free 
Ringer’s solution He also showed that when potassium depleted 
muscles are placed in Ringer’s solution containing potassium thej 
regain potassium at the expense of sodium This uptake of potas- 
sium m exchange for sodium requires work which must be sup- 
plied b} the muscle It has preinoush been shown that muscle 
retains its potassium m Ringer’s solution in the absence of ox\gen * 
The present im estigation w as undertaken to determine the mfluence 
of aerobic respiration on the uptake of potassium under the con- 
ditions of Stembach’s experiments 

The sartorius, semitendinosus and tibialis anticus longus muscles 
from recenth caught frogs w ere dissected and placed in potassium- 
free Ringer’s solution containing M/30CX) phosphate buffer pH 7 4 
After one hour the muscles from one frog w ere transferred to 250 ml 
of K-free Ringer’s solution which was stirred b\ a current of air 
and kept in a cold room at 4®C After about 17 hours the muscles 
were dnided into sets for furtlier treatment This treatment was of 

3 sorts, fa) immediate anahsis (b) anahsis after immersion for 

4 or 7yi hours in 25 ml of Ringer’s solution containing 10 mAI K 
and AI/150 phosphate buffer and continuoush equilibrated with air 
(c) the same as fb) but continuous!} equilibrated with pure nitro- 
gen starting hour before the muscles were introduced Paired 
sets of muscles were used to compare treatments (a) and (b) (b) and 
(c) and fa) and fcl as shown in Table I Fenn and Cobb’ state 
that muscles lose more potassium in Ringer s solution containing 
m/3000 phosphate than in M/150 phosphate One incomplete 
experiment showed no difference m the uptake of potassium from 
solutions containing M/3000 and M/150 phosphate buffer 

On remo^al from the solution the muscles were indnidualh 
blotted weighed on a torsion balance and placed m small weighing 
bottles The bottles were dried o\er night at 100’ and the loss m 

1 Stembach H. B , J Biol Chem^ 1040, I'M, C95 
= Dean, E J Cell and Comp Physiol^ 1940, 15, 1S9 
3 Fenn, "W O , and Cobb, D M J Gen Physrol 1934, 17, 629 
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weight was taken as the water content On small muscles weighing 
less than 150 mg this procedure is accurate to within 1% Qiloride 
was determined by a new micro-diffusion method in which HQ 
gas IS liberated from the dry tissue by concentrated HjSOi and 
absorbed by NaOH on a piece of filter paper fastened to the lid 
of the weighing bottle Qiloride was determined on the paper by 
a modification of the method of Van Slyke * The method and its 
errors will be described elsewhere Potassium was determined on 
the sulphuric acid digest by the method of Wilde ' In this way 
determinations of water, chloride, and potassium could be made on 
the same tissue The significance of the results was tested by 
Students’ test, taking a probability that the sets are equal of less 
than 0 05 as significant 

Table I contains values averaged by sets for the results obtained 
on 10 frogs during the month of August Km and Qm are reported 
in micromols per gram of whole muscle The fiber water was 
calculated on the assumption that all the chloride is extracellular 
and at a concentration of 114 millemolar Kj represents the con- 
centration of potassium in the fiber water It is calculated from Km 
by deducting the potassium in the extracellular phase which is 
assumed to have a concentration equal to that of the potassium in 
the Ringer’s solution A fiber potassium concentration, K®, has also 


TABLE I 

Effect of Oxygen and Nitrogen on Intake of Potassium from a High Potassium 

Eolation 


Set 

Gas 

Hr m 

10 mil K 

No of 
muscles 

Dry wt, H 2 O 
mg % 


Cl 

Piber 

H«0 
^0 K, 


Ku 

a 

control 

0 

5 

39 6 

81 

59 

26 

68 

105 

105 

302 

b 

Oo 

7% 

5 

39^ 

81 

69 

36 

49 

137 

125 

355 

a 

control 

0 

8 

27 8 

81 

62 

33 

52 

120 

120 

326 

c 

N, 

7% 

8 

26 5 

83 

66 

38 

49 

128 

no 

354 

b 

Oo 

7% 

9 

20 3 

82 

63 

60 

39 

152 

141 

329 

c 

No 

7% 

9 

21 6 

83 

62 

46 

43 

135 

126 

346 

b 

Oo 

4 

a 

25 

81 

76 

33 

62 

139 

128 

383 

c 

Nj 

4 

6 

25 

82 

70 

35 

51 

128 

118 

377 


Average values for small isolated frog muscles All concentrations are in 
micromols per gram K,„ and C],„ are calculated per gram not weight K, is 
concentration in the water of a chloride free fiber is concentration in the 

water of chloride permeable fiber K,, is amount per gram dry weight Pairs of 
values in bold face type are significantly different 

4 Van Slyke, D D , J Bfol Clicm , 1923, C8, 523 

5 Wdde, W B , J Biol Cliem , 1039 128, 309 
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been calculated on the assumption that chloride penetrates the fiber 
and has a concentration in the fiber water equal to the potassium 
concentration in the Ringer’s solution This assumption follo-ws 
from the theoretical treatment of Conway and Boyle® (see Dean") 
for fibers that are permeable to chloride as is probably the case when 
the external postassium is as concentrated as 10 millemolar A po- 
tassium content per gram of dr)' w'eight has also been calculated, 
Kd, allowing for potassium m the extracellular spaces This was 
calculated for a chlonde-free fiber, values of Kd, calculated on the 
assumption that the fiber is chloride permeable, are slightly greater 
m set c Since the dry w'Cights show no consistent variation between 
paired sets, they probably are a good indication of the initial w'eights 
which were unfortunatel) not recorded 

The I'alues of Kd, Kc, etc , w'ere calculated individually for each 
muscle and the results averaged If the values of these concentra- 
tions are calculated from the a\erage ralues of Km, Clm, and H-O 
somewhat different results w ill be obtained because of the variability 
of the original data 

On the basis of potassium content Km, there is no significant differ- 
ence between the sets However, the concentration of potassium 
inside the fibers Kt or Kc, is significantly greater m set b m air than 
in the imtial set a, or the anaerobic set c There is no significant 
gam in the concentration of fiber potassium m nitrogen How ever, 
when we consider the amount of potassium in the fiber, Kd, it is 
apparent that after hours that the fibers in nitrogen have gamed 
more potassium than either of the other tvvo sets, and after 4 hours 
the gam is only 2% less m nitrogen than in ox)'gen This para- 
dox IS explained b) the fact that the muscles m nitrogen sw ell con- 
siderably and an increase m fiber size requires an uptake of poias- 
sium to keep the concentration constant 

This w'ork show s that muscle fibers can take up potassium agamst 
a concentration gradient anaerobically as well as aerobically, and 
supports the previous work," where it was shown that muscle fibers 
are permeable to potassium )et maintain their normal potassium 
concentration m nitrogen just as m ox)gen The fact that the fibers 
m nitrogen failed to increase their potassium concentration, might 
be explained by supposing that the fibers were already doing all 
the work that w'as possible just to maintain their potassium con- 
centration as the fiber increased m lolume 

0 Convray, E J , and BotIc, P J , Nature, 1939, 144, 709 

" Dean, B B , Bwl Symposia, 1940, in press 


820 


11848 

Failure of Thyrotropic Pituitary Hormone to Prevent 
Spontaneous Mammary Cancer m Mice 

C D Haagensen, H T Randall and R Auchincloss 
(Introduced by E T Engle ) 

From the Sxirgtcdl Pathology Laioratory, College of Physicians and Surgeons, 
Columhxa University, Feio Yorl, 


Since Lacassagne proved that mammary' carcinoma can be in- 
duced in mice by means of estrogens, workers in several laboratories 
have sought to discover what role, if any, pituitary hormones play in 
the development of this disease The close relationship of ovary 
and pituitary gland m other biological processes makes this kind 
of research reasonable 

Cramer and Homing, in the laboratory of the Imperial Cancer 
Research Fund in London, gave a senes of female mice of the 
RIII strain thyrotropic pituitary hormone subcutaneously, and 
reported^ that they were able to prevent the development of mam- 
mary carcinoma in this strain by this means They used a watery 
solution of pituitary hormone, sold under the trade name of 
Amhinon * It contained, according to biological assay, 150 guinea 
pig units of thyrotropic hormone and 50 units of gonadotropic 
hormone per cubic centimeter This preparation was injected twice 
weekly in doses of 0 1 cc into the subcutaneous tissues of the 
mice Only 19 mice were used Their treatment was begun when 
they were 2 months of age It was still being continued Avhen 
Cramer and Homing wrote their report about a year later At 
this time none of the mice had developed mammary carcinoma, and 
the authors felt justified in concluding that the development of the 
disease had been prevented by the hormone Although these female 
mice had been kept with males, none of them had littered during 
the period of treatment In a control series of 22 untreated female 
mice which although kept nith males had borne no litters Cramer 
and Horning obser^ed 11, or 50%, develop mammarj' carcinoma 

We have been able to repeat this experiment on a somewhat 
lareer scale, using the same strain of mice and the same preparation 
of pituitary hormone The RIII strain of mice has been bred by 
brother and sister matings in our laboratory since 1935, when we 
obtained 6 members of the strain directly from Lacassagne m Pans 


Arw^er VT and Homing, B S , Lancet, 1938, 1, 72 
.?arcl,aU from the N V Organon Go, Oss, Holland 
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Our control material no\\ includes some hundreds of animals The 
pituitar} hormone r\as purchased from the same firm that supplied 
the London authors We realized that the preparation ivas not a 
^er) pure one containing as it did 50 units of gonadotropic hormone 
in addition to 150 units of thyrotropic hormone per cubic centimeter 
Since r\ e n ere tr} mg to repeat the London authors' experiment \\ e 
had no choice except to emplo} it 

We treated a total of 33 mice Of these 29 survuved for at least 
6 months, the lower age limit for the development of spontaneous 
mammar} carcinoma m our control series The treatment was 
begun when the mice were just under 2 months of age, 0 1 cc of 
the hormone being given tw ice w eeklj It was continued for fifteen 
months At the end of this time 13 mice remained alne Our sup- 
pi} of hormone being exhausted, and its failure to prevent mammary 
carcinoma being apparent, the treatment was discontinued All of 
the mice in the series are now dead and we are able to present the 
complete data The fate of the 29 mice is show n m Table I 

Among these 29 treated mice that sun n ed 6 months 16 therefore 


TABLE L 


Mouse Xo 

Age (months) Xo 

treatment began Litters 

Age (months) Age (months) Mammary 
treatment end^ death carcinoma 

801 

16 

0 

97 

97 

0 

803 

17 

2 

14 5 

14 5 

+ 

805 

L6 

0 

16 3 

27 0 

0 

807 

1.5 

3 

1L3 

113 


809 

1.6 

0 

14.7 

18 0 

0 

815 

2 1 

1 

15 7 

16 4 

+ 

817 

1.9 

0 

15 5 

25 4 

0 

819 

18 

0 

89 

89 

0 

821 

L9 

1 

15 1 

151 

+ 

823 

19 

0 

16 7 

31 3 

0 

825 

18 

0 

14.8 

19 3 

0 

827 

17 

0 

15 8 

15 8 

+ 

829 

16 

0 

14.6 

16 9 


831 

17 

0 

7.2 

72 

0 

833 

12 

0 

10 8 

10.8 


835 

14 

2 

14.6 

29 2 

0 

837 

13 

2 

15 5 

15 5 

+ 

841 

15 

0 

14 5 

17 0 

0 

843 

14 

1 

14.3 

19 8 

+ 

847 

2 0 

1 

161 

26 0 

0 

849 

1.5 

0 

16 1 

20 8 

0 

851 

2 1 

3 

10 5 

10 5 

+ 

853 

14 

3 

10 5 

10 5 

+ 

855 

17 

o 

94 

94 

+ 

857 

16 

0 

13 9 

24 0 

0 

859 

16 

2 

85 

85 

+ 

861 

17 

2 

10 3 

loa 

+ 

863 

2 0 

1 

12 9 

12.9 

+ 

865 

L8 

0 

98 

9 8 

+ 
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developed mammary carcinoma This tenor incidence is not signifi- 
cantly different from that for our untreated, unbred controls, and 
slightly lower than that for our untreated bred controls In the light 
of our knowledge that breeding increases the incidence of spon- 
taneous mammary carcinoma m this strain of mice this result might 
be expected, for the breeding record of this group of Ainbmon- 
treated mice was intermediate Only 14 of the 29 bore litters, aver- 
aging 1 8 litters each In our untreated control series of bred females 
128 of the 140 that survived 6 months bore litters, averaging 5 5 
litters each Our conclusion must be that the treatment with Aiii- 
btuon prevented, to some extent, pregnancy in our mice, and there- 
fore lowered slightly the incidence of mammary' carcinoma It cer- 
tainly did not abolish the disease as Cramer and Hormng claimed 

Histological study of the adrenals, ovaries, uterus, mammar) 
glands, and mammary carcinomas when they developed, in these 
treated mice showed no abnormality which we have not found in 
the tissues of our control animals In this strain of mice certain 
changes in the endocrine glands, which might be called degenerative, 
occur spontaneously The thyroids were studied with special care, 
but the only difference between those of the treated animals and the 
controls that could be made out was a slightly greater cellularity of 
the glands in some of the former The pituitary showed no gross 
changes m the treated mice We were not able to carr}”^ out adequate 
histological study of this organ 

The statistical data for the treated animals and our controls is 
given in Table II 

Since 1938, when Cramer and Homing published their report of 
the carcinoma viJnbUmg effect of anterior pituitary, and we under- 


table h. 

Mice treated 

with thyrotropic Unbred control Bred control 
hormone mice mice 


Total number sumnng 6 mo 
Developed mammary car 
cinoma 

Mean age at death of those 
mill carcinoma 
Median age at death of those 
with carcinoma 
Standard deviation of age at 
death of group ivith car 


29 94 140 

16 or 49 or 103 or 

55 2% ±9 23% 52 2% ±5 15% 78 G% ± 3 72% 

13 mo ± 79 16 44 mo ± 73 12 15 mo ± 36 

121 ” ± 98 16 5 ” ± 91 113 ” ± 45 


h '1 315 ” ± 56 5 12 ” ± 

emomn I y ^xj 

deviations 


3 67 ” ± 25 
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took to verify their findings, Loeb and his associates" have reported 
that the same organ, when transplanted subcutaneously, causes the 
carcinoma rate to be increased We have not attempted any trans- 
plantation experiments, but our data concerning the results of suo- 
cutaneous injection of tlie hormone may apply to some extent to 
Loeb’s new mterpretation of anterior pituitary function Cramer* 
has presented an elaborate theory of the genesis of mammary car- 
cinoma in which the pituitarj takes an important role as an antag- 
onist of the disease His theory' would appear to be premature 
Summary Long contmued subcutaneous injection of an an- 
terior pituitarj preparation which contained thjTOtropic hormone 
and some gonadotropic hormone did not definitel)' affect the incidence 
of mammary carcinoma m female mice of the RIII strain 
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Typhus Rickettsia Isolated from Mice and Mouse-Fleas Durmg 
an Epidemic m Peiping * 

Wei-t'ung Liu and Samuel H Zia 

From the Department of Bacteriology and Immunology, Peipina Union Medical 
College, Peiping, China 

It IS now generally recognized that “endemic” or murine typhus 
has Its reservoir in rats and is transmitted to man by rat-fleas, par- 
ticularly Xenopsylla cheopit'^ - However, in South Queensland 
Australia, circumstantial evidence strongly incriminates mice, rather 
than rats, as the reservoir, although actual proof of infection among 
these rodents or their ectoparasites is as yet lacking * * Lepine and 
Lorando,' ® m Athens, examining rats as well as mice trapped m the 
premises where cases of tj^phus had occurred, found that whereas 
rats were frequently infected with tjqjhus Rickettsia, mice were 

2 Loeb, L , and Kirtz, M M , Am J Cancer, 1939, SO, 56 

3 Cramer, W , Am J Cancer, 1940, S8, 463 

* Wc are mdebted to Dr A B D Fortnyn for identification of the species of 
mice and to Dr H F Hsu for that of fleas 

1 Birand, T , and Deutschman, S , Lcanue of dCations Epidem Pep , 1936, 15, 99 
- Zinsser, M , Am J Dyn , 1937, 25, 430 
3 Wheatland, F T , Med J Australia, 1926, 1, 261 

* Strickland, C , Far East Assn Trap Med Trans Einth Congress, 1927, 2, 517 
~ lApine, F , Compi rend Soc dc hiol, 1934, 117, 84S 

0 L6pine, P , and Ijorando, N , BuP Soc path exot , 1936, 29, 285 
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uniformly free from the infection Sparrow/ on the other hand, re- 
covered 2 typhus strains from the pooled brain emulsions of 10 out 
of 300 imce (Mils muscuhts gcntihs) caught at random from dif- 
ferent households m Tunis Brigham® also obtained a typhus strain 
from a field-mouse (Peromyscus pohonotus poliomotus) m the rural 
district of southern Alabama where cases of typhus had developed 
under conditions which made the rat a “highly improbable causative 
factor ” It IS clear from the above reports that hitherto the asso- 
ciation of tj'phus-infected mice and mouse-fleas with the disease in 
man has not been conclusively demonstrated, and hence the role ot 
mice as another reservoir of “endemic” typhus can not be considered 
as settled 

In March, 1940, a typhus epidemic occurred in a small household 
in this city, affecting successively 9 out of 10 members of the family 
In all of them, the clinical symptomatology was characteristic , 2 were 
admitted into this hospital and showed, in addition, a positive Weil- 
Felix reaction t They admitted that they harbored lice through the 
greater part of the year and not infrequently encountered fleas m 
their clothings and beddings Rats were scarce, but the house was 
heavily infested with mice Four mice (Mus wagnert) were cap- 
tured, and 12 fleas collected from these animals were identified as 
Leptopsylla miiscuh By inoculating separately the brains of the 
mice and 10 of the fleas into the peritoneal cavity of 2 guinea pigs, 
2 typhus strains were recovered Each strain was passed through 
guinea pigs for 1 1 generations In most of the animals, the infec- 
tion was manifested by fever (40 0-41 5°C), lasting from 2 to 9 
days, after an incubation period of from 2 to 1 1 days In those sac- 
rificed 10 to 14 days after the onset of fever, typhus nodules were 
either absent or scanty in the brains In some of the animals, the 
ttmica vaginalis exhibited various degrees of congestion and exu- 
dation, but in none was a scrotal swelling observed After 4 and 5 
passages in guinea pigs, the 2 strains were transferred to albino 
rats and have been carried separately from rat to rat for 10 genera- 
tions to date They produced in the rats a definite febrile reaction 
(38 1-39 5°C) lasting in most cases from 2 to 8 days, after an 
incubation period of from 4 to 10 days Some of the animals killed 
on the 10th to the 18th day of infection gave a positive Weil-Felix 
reaction at titers varjnng from 1 10 to 1 640 The brains of rats of 


fiparrow, H , Arrf Irit Pasteur. Tunis, 1935, 24, 435 

8-Bneham, G J) , U S Put> Health Bep . 1937, 52, 659 

t From one of the cases, a third typhus strain was obtained from body lice in 
nts which so far does not seem to differ experimentally in any important 
J^Krfrom’the mouse and the flea strains herein reported 
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the 1st and 8th generations of each series \\ere inoculated into guinea 
pigs All of the 4 animals used developed tj-pical feier, the one 
inoculated intraperitoneally with the brain of a rat of the 8th 
generation of the flea series showed a moderately pronounced scrotal 
swelling, and Rickettsiae were grown from the tunica vaginalis m 
Maitland culture and Zinsser agar tissue media “ 

Comment In 1938, one of us (Zia),'® examining over 100 mice 
trapped at random from different households in this city, failed to 
isolate typhus Rickettsia from any of these animals The fact that the 
present strains w ere reco^ ered from 4 mice and their fleas in a house 
in which an epidemic had developed naturally suggests a causal rela- 
tionship bet\\ een the disease in men and the infection in mice 1 If 
the disease in men were historic typhus, the epidemic havmg 
started from a human carrier, it w ould be indeed difficult to concen e, 
in view of the experimental obseriations of Nicolle and Giroud^^ ' 
how the mice could have acquired the mfection from man 2 We are, 
therefore, inclmed to think that the epidemic was of murine origin, 
the mfection being conve}ed accidentally from mice to man by 
mouse-fleas and thereon, independent of mice and mouse-fleas, from 
man to man by human bod} lice Although the mouse-fleas, L 
mttsculi, ordinarily do not attack man, it is not inconcenable that 
they may do so occasionally, w hen men live in close association with 
mice, especially if many of the mice should die m an epizootic, as 
during the years 1925 and 1928 in South Queensland Moreover, 
as the number of mouse-fleas we examined was small, we are not 
certain that the mice were not infested with some other fleas which 
ma} leave their normal host more readily than L musculi In this 
connection it is worthy of note that a number of workers ha\e shown 
that the Rickettsia of murine typhus is present in the urine of in- 
fected rats, and hai e suggested that tlie disease may be com e} ed to 
man by ingestion of contaminated food without the mediation of 
fleas 3 It IS, of course, possible that the initial case of the 
epidemic had contracted the disease from rats through rat-fleas, the 
mice being on]} secondarily invoked in the course of infection among 

8 Zinsser, H , FitrPatnck, P , and W'ci, H. / Exp Med , 1939, 09, 179 

10 Zia, S H., unpublished obserrations 

11 Kicolle, C, and Giroud, P, Compi rend Aead d sc , 1934, 190, 1169 

U! KicoUe, C , and Giroud, P , Arch Jnst Pasteur, Tunis, 1935, 24, 47 

10 Marcandier, A., and Pirot, E , BiiH Soe path exot , 1933, 20, 349 

n Nicolle, C , Giroud, P , and Sparrow, H , Arch Inst Pasteur, Tunis, 1934, 23, L 

10 he Chuiton, P , Berge, C , and Pennanfac ’h, J , Bull Soe path exot , 1936, 
20, 83L 

lots: Chuiton, P, Pirot, B, Berge, C, and Pennanfac Ti, J, Bull Acad Med, 
1938. lin IT.*: 
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rats, but this does not seem very probable, since mice were greatly 
preponderant over rats in the house, and from the observations of 
Lepine and Lorando® ® and Sparrow,^ it appears that natural trans- 
mission of typhus infection from rats to mice m the same house- 
holds does not commonly occur It must be said, however, that in 
general, inasmuch as rats are considerably more flea-mfested than 
mice, and the common rat-flea, X cheopis, attacks man much more 
readily than the common mouse-flea, L musculi, rats are probably 
much more important than mice as reservoir of “endemic” typhus 


11850 

Cultivation of Clostrtdtum tetam in Unfertilized and Developing 
Fertilized Hens’ Eggs 

Kuo-ch’ing, Chen (Introduced by S H Zia ") 

From the Depcrtmcnt of Bacteriology and Immunologyf Teiping Union Medical 
CoXlegCf Peiptng^ China 

The emplo}Tnent of fertilized egg has proven of value for the 
cultivation of some bacteria and a number of filterable viruses The 
chorio-allantoic membrane has been mostly used as the site of in- 
fection Since the cultivation of anaerobic microorganisms in 
unfertilized and developing fertilized eggs has not been recorded, 
the preliminary results of such a study with an obligatory anaerobe. 
Cl tetam, is herewith communicated 

Techmc A pure toxigenic strain of Cl tetam, recently isolated 
from a patient, was used Cultures in cooked meat tube after 48 
hours’ groivth were used as the inoculum Unfertilized and developing 
fertilized hens’ eggs of different age were employed After the 
position of the embrjo and the air sac was identified bv transillu- 
mination and marked off and the shell opposite the air sac ivas 
sterilized with tincture of iodine, a small opening was made with a 
carborundum disc attached to a dental drill, leaving the inner shell 
membrane intact, which was later cut with a small knife after 
resterilization with 70% alcohol and heat A loopful of inoculum 
was then introduced through this opening to the center of the yolk 
sac and in the case of fertilized eggs toward a point at some distance 
from the embrv'O The shell aperture was then closed witli melted 
hard paraffin The eggs were then incubated at 37°C Different 
batches of them uere taken out and examined grossly and bi 
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stained smears microscopically Aerobic contaminations were ex- 
cluded in every instance by absence of growth of the eggs’ content 
on blood agar plates 

Results At first, cultivation was done in unfertilized eggs 
Fifty-four eggs were divided into 9 groups of 6 each One group 
unheated, others heated in water bath at 90°C for 0 5, 10, 1 5, 2 0, 
3 0, 5 0, 10 0 minutes respectively, and still others fully cooked by 
boihng for over 15 minutes Inoculation into the heated eggs was 
done after they had been cooled One egg from each group was 
used for examination at 2nd, 3rd 4th, 5th, 7th, and 14th day of mcu- 
bation From the 7th day, about of the eggs heated for from 2-5 
minutes began to show some blackening and liquefaction, at the 
same time a foul odor was present all of which became progressively 
worse All the raw and full} cooked eggs and the remainmg % of 
the heated eggs showed no apparent change up to 2 weeks of mcu- 
tion and hardly any bacilli were found microscopically On the 
other hand, numerous gram-positive bacilli with terminal spores 
could be seen in the liquefied and blackened eggs The number of 
organisms appeared to be in direct proportion to the degree of pro- 
teolysis and blackening ITie outer la}er, consisting of hardened 
egg-white, remained intact 

It IS difficult to determine the optimum length of time required 
for heating the eggs as the results have not been consistent Never- 
theless, the experiment did suggest the heating must be sufficient to 
harden the outer layer of the egg-white but must not be too long to 
effect a complete hardening of the egg-white 

Next, an attempt was made to grow the organisms in developing 
fertilized eggs of different ages The incubation of eggs before 
inoculation was at 38°C Eggs with viable embr}"OS of 4, 6, 8, 10 
and 12 days of age, were seeded with the culture broth One egg 
from each group was used for exammation at different periods as 
m the first experiment It was found that all tlie eggs examined 
showed A'arious degrees of proteolysis and blackening on the second 
day of incubation Complete liquefaction set m from the third day 
on The embr}os were imariably dead Nmnerous gram-positive 
bacilli with terminal spores were found in the contents of the eggs 
The eggs vith 6- to i0-da}-old embr}o yielded the most abundant 
growTh The results have been consistent and therefore dependable 

From the aboie experiments it can be seen that the developing 
fertilized eggs sene as a better medium for cultn ating Cl tctam thin 
the heated unfertilized eggs A third experiment was made to in- 
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vestigate whetlier heating the fertilized eggs would enhance the 
growth of Cl tetam Fertilized eggs with 6-7-day-old embr )0 i\ere 
divided into 2 groups one group unheated, the other heated in ivater 
batli at 90° C for 3 minutes, and a number of unfertilized eggs 
similarly heated was included for comparison The results were 
somewhat imexpected Heating of fertilized eggs retards instead 
of accelerates the growth of Cl tetam But they still gave earlier 
and better growth than the heated unfertilized ones 

Comment In the cultivation of anaerobic microorganisms, it 
is well known that they are not as fastidious about their medium 
requirements as they are about the anaerobic environment The 
growth of Cl tetam in some of the heated unfertilized eggs may be 
due to a better anaerobic condition, as heatmg drives off the air in 
3Jid the hardened layer of egg-white prevents the re-entry 
of air from outside 

There may be two reasons for the luxurious groiyth of Cl tetam 
m developing fertilized eggs Firstly, the developing embryo con- 
sumes oxygen and thus creates a relatively better anaerobic condition, 
and, secondly, the presence of fresh animal tissue — the embryo — 
may stimulate growth Perhaps this stimulating factor may be 
destroyed by heating 

The addition of animal tissue to media for the cultivation of 
anaerobes is not new Von Hibler’s brain medium,^ and Holman’s 
cooked meat tubes, “ are notable examples As pointed out by 
Holman, altliough the use of fresh tissue may be necessary for the 
growths of some of the stricter anaerobes, tliere is always present 
the disturbing possibility of contamination, not so much from with 
out as from the animal tissues themselves ’ The developing chick 
■embryo has the advantage of being a living tissue free from con- 
tamination 

1 Hibler, E T , TJntersuchungen dte pathogenon anaeroben, Fischen, Jena, 1908 

2 Holman, W E , J Bad , 1919, 4, 149 

8 a Theobald Smith, Cent / Bal-t , 1890, 7, 502, b Ford, W W, Trans Assn 
Am Phys, 1900, 16, 389, c Wolbach, S B , and Saiki, T, J Med Ses 1909, 
ai, 267 
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Expenmental Studies upon B violaceous. Isolated from a 
Fulminating Fatal Human Infection * 

Herbert J Schattenberg (Introduced b}' Charles W Duval ) 
From the Department of Pathology, Tulane University, New Orleans, Louisiana 


Bacillus violaceous ( Cliroinobacteriuiii violaceum) is considered 
a common saprophytic microorganism occurring in soil, water, sew- 
age and contaminated food It is generally regarded as non-patho- 
genic for man and lower animals 

Woolley^ reported fatal infections of caribao in Manila with this 
microorganism which resembled hemorrhagic septicemia of cattle 
He also established the pathogenicity of the isolated culture but did 
not find evidence of toxin-production Recently Black and Shahan 
and Soule’ reported instances of human infection with B violaceous 
which persisted for many months and finally proved fatal Soule 
demonstrated pathogenicity for laboratory animals 

The culture employed m the present experiments was isolated in 
pure state on ordinary media from the lesions present in various 
organs at the necropsy of a human case The infection arose from 
a wound of the foot There ensued a marked mguinal adenitis, 
septicemia, as shown by a positive blood culture, and death within 
a week 

Studies of pathogenicit} and animal protection have been per- 
formed with this culture 

Pathogenicity Experiments 12 rabbits, 10 guinea pigs and 12 
white mice were employed Six rabbits received intravenously 1 cc 
of a saline suspension containing approximately one billion micro- 
organisms per cc The suspension was made from the growth of B 
violaceous on nutrient agar All 6 animals died m approximately 
24 hours The necropsies showed no macroscopical lesions Cul- 
tures of B violaceous were recovered from the lungs, liver, spleen, 
and heart’s blood The microscopical study of sections revealed 
degenerative changes, particularly in the liver 

Six rabbits were injected intraabdominally with a broth culture of 

^ded by a grant from the Hand Trantman Schn-arti Besearch Fund 

1 "Woolley, P G , Johns Hophins Bull , 1905, 16, 89 

2 Black, M. B , and Shahan, J ,J A M A , 1938, HO, 1270 

s Soule, M H., Abs Scientific Proceedings, Am. Asm of Pathologists and 
Bacteriologists, Am J Path , 1939, 15, 592 
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B violaceous in amounts of 5 cc, 0 75 cc, 1 cc, 1 25 cc, 1 5 cc, and 
2 cc Those receiving 2 cc and 1 5 cc died in 12 hours and 24 hours 
respectively B violaceous was grown from heart’s blood and vis- 
ceral organs The animals injected wuth 1 25 cc and 1 cc died in 

5 days The lungs, spleen, and liver presented light jellow foa 

of necrosis varjnng from pin-point size up to 4 mm Microscop- 
ically the lesions presented necrosis, karj'orrhexis and karyolysis 
with little inflammatory cellular response These lesions conformed 
m gross and microscopical appearance to those present in the human 
case No violet color was present but B violaceous was readily 
reTOvered in pure state from all lesions and also from heart’s blood 
n were injected intraabdominally 5 receiving 0 25, 

, 0 75, 1 0, and 1 5 cc of saline suspension of Bacillus violaceous 
rom agar slants and contained approximately one billion bacilli per 
cc Five other animals received similar injections of broth culture 
p'own for 4 days and diluted to contain approximately one billion 
bacilh per cc , all died within 16 hours No discernible lesions were 
found although B violaceous was recovered from visceral organs 
and heart s blood Microscopically, degenerative changes occurred 
m most parenchjTnatous structures Three guinea pigs recemng 
0 75, 1 0, and 1 5 cc of the saline suspension died in 24 hours and 
presented a few minute scattered lesions m the liver The lungs 
were greatly congested Microscopically the hepatic lesions were of 
a gyanular, necrotic type show'ing fragmented nuclei B violaceous 
was recovered from the organs and heart’s blood The 2 remaining 
guinea pigs receiving 0 25 and 0 5 cc have survived for several 
weeks 

Tw'clve mice were injected intraabdominally, 6 with 0 1 cc and 

6 with 0 5 cc of suspensions of B violaceous like those employed 
for the guinea pigs and died within 48 hours Those receiving the 
broth culture died more quickly than those injected with the saline 
suspensions from agar slants No gross lesions were produced but 
the microscopical study revealed evidence of toxic degenerative 
changes particularly in the liver lobules B violaceous grew readily 
from the heart’s blood, liver and spleen 

To ascertain if this human strain of B violaceous possessed an 
exotoxin, cultures were grown in flasks of broth After incubation 
for 24 and 96 hours the cultures w ere filtered through a Seitz filter at 
these respective periods It was found that intraabdominal injections 
of as much at 2 cc of this sterile filtrate into white mice produced no 
ill effects When these animals were later injected w ith fatal doses 
of B violaceous they remained normal although control animals 



Regulated Vascui^vr Obstruction 


831 


receiving the same dosage died overnight Further tests for such 
protection were, therefore, made 

Animal Protection Experiments Eight white mice were injected 
intraabdominally witli 0 5 cc of sterile broth Seitz filtrate obtained 
from a 24-hour culture After 3 days, 1 5 cc of a similar filtrate 
from a broth culture grown for 96 hours, was likewise adminis- 
tered to these animals Two days later all animals received mtra- 
abdommally 0 1 cc of a virulent B violaceous broth culture All 
animals survived and showed no evidence of illness during several 
weeks of observation 

Of 10 control mice, 5 received intraabdommally 0 5 cc and 5 
received 1 0 cc of the same culture as used for the above ammals and 
all died overnight 

Two control mice were mjected with plain sterile broth m similar 
amounts, route and time periods as those receiving the broth culture 
filtrate The injection 48 hours later of 0 1 cc of the living culture 
produced death within 24 hours 

It is concluded from these observations that this stram of B 
violaceous isolated from an unique clinical case, is pathogenic for 
various laboratory animals When the inoculum permits of sur- 
vival for several days, the lesions produced are similar m the gross 
and microscopic aspect to those of the human 

It IS further shown that the injection of B violaceous broth cul- 
ture filtrates into white mice affords protection to doses of the livmg 
microorganism that kill control ammals overnight 

Preliminary experiments with the serum of mice mjected with 
sterile filtrates suggest that antitoxic factors are developed by which 
passive protection may be transferred to normal animals 
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A New Method for Regulated Vascular Obstruction 

Peter Salzburg and William G Kubicek (Introduced by 
M B Visscher ) 

From the Department of Physiology, Untverstiy of Minnesota, Minneapolis 

Restriction of blood flow in isolated vascular territories in living 
and imanesthetized animals has recently attracted attention Some 
workers have fitted the blood vessels which are to be constricted 
into a type of rigpd frame which reduces the diameter of the vessels 
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Otlaer investigators (Goldblatt,^ Collins,^ Rytand’) achieved the 
desired degree of ischemia by tightening loops of wire or tliread 
around the vessel Brotchner* and Blum, Schauer and Calef' em- 
ploy a device which permits gradual mechanical closure of the vessel 
by means of 2 solid bars which are brought together by a screw to be 
actuated by a stiff wire from outside the animal 

The work of Mann, Herrick, Essex, and Baldes® correlated blood 
flow m vessels with a decrease in internal diameter brought about by 
local constriction It was shown that a significant diminution of 
flow was achieved only after reduction of the internal diameter of 
arteries to a small percentage of the original 

The internal diameter of a vessel cannot very well be controlled 
quantitatively in the living animal because of the variability of the 
connective tissue reaction around the clamp among other reasons 
Once a constricting loop or a rigid frame is applied to a vessel and 
the wound closed, the blood flow cannot be changed without further 
surgical intervaition Even then the percentage reduction of blood 
flow remains unknown until after the death of the animal, when 
model experiments can be performed on the flow of the blood in the 
constricted vessel 

The method which is described here attempts to regulate flow 
by employing the principle of the blood pressure cuff This method 
should allow reversible and well defined obstruction of the vessels 
m VIVO, when the pressure m the cuff can be controlled by a piece 
of rubber tubing which is brought out through the body wall 

Balloons of suitable dimensions have been obtained by tlie 
courtesy of Mr H E Custer of tlie Dean Rubber Mfg Co , 16th and 
Iron St , North Kansas City, Mo If clamps of an irregular shape 
are needed it is relatively easy to make the balloons in the laboratory 
by dippmg suitable molds into Latex* and dr3nng The finished 
clamp consists of a frame made of Lucite or Bakelite, one or two 
balloons which are fitted in to this frame and connecting glass and 
rubber tubing The assembled instrument ma} be sterilized by boil- 
ing The solid part has a U-shaped cross section and accommodates 
the vessel to be restricted in the lower part of the groove The flat 

1 Goldblfltt H-, Lynch, Hnnzal nnd Sttmroemlle, J Erp Med , 1934, 50, 347 
3 Collins, !> A , Am J Fhytsiol , 1939, 116, 916 
3 Bytand, D A , Pboc. Soc Ext Biol, and Med 1938, 38, 10 
* Brotchner, B. J , Pboc Soc Exp Biol, and Med , 1939, 40, 264 
6 Blnm L , Schauer, G , and Cnlcl, B , Am Heart J , 1938, 16, 159 
« Mann, F C , Herrick, J F , Essex, H E , and Baldes, E J , Surgery, 1938, 

”»^MoulBge No 235, Vnltex Clicmical Co , 969 Mam St , Cambridge, Mass 
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balloon is then put on top of and parallel to the \ essel, and the groo^ e 
IS dosed b} a tightlj fitting co^er The co^er is held m place by a 
hgature The balloon is fixed to the co\ er b} doubling back the free 
end and tr ing it to the frame. Stretchmg of the thin latex balloon 
IS aioided bj shppmg its open end on a glass tube and connecting 
the tube to the frame of the clamp Veiy sensitne vessels uhich 
should not come in contact ^\lth the solid part of the clamp maj be 
constricted bet\\een two inflatable balloons In order to obtam a 
reduction of blood flow w hich can be repeated consistently and quan- 
titatnely it is essential to observe a few precautions during the 
operation and apphcation of the clamp 

The rubber balloon must be flacad and w ithout tension at atmos- 
pheric pressure Both the arterj and the balloon must fit tightly 
and snugl) into the solid part The balloon must fill the w hole lumen 
of the U-groore without stretchmg of its walls The arteiy must 
not be tom, constricted or kinked bj the umnflated damp It is 
recommended to har e awailable a senes of damps of "raiyrng cross- 
section m order to achie\ e the best results Disregard of any of the 
abo\ e precautions ma} lead to results w hich are difficult to mterpret. 

Blood flow m the system composed of vessel and damp is m- 
fluenced b) the follow mg factors pressure m the \ essel, pressure m 
the constnctmg balloon area of contact betw een cuff and v essd 

Of these factors the third has to be taken mto consideration for 
the constriction of the damp because the area of compression is 
determined by the length of the ngid part If the area of contact is 
too small, pressures many times as high as the peak artenal pressures 
may fail to stop arterial flow complete!) The cuff should compress 
the alter} ov er a length of at least 8 mm in order to msure complete 
mterruption of flow w hen the cuff pressure equals the peak artenal 
pressure 

The results reported bdow are taken from a femoral arter)- 
femoral vein anastomosis m dogs This arrangement dunmated 
peripheral resistance as a factor from our calibrations For vi vtvo 
expenments the changes m penpheral resistance must be taken mto 
account Calibration over a range of pressure more extensive and 
contmuous than reported can be undertaken m modd nrcuits 

A Stolmkow -stromuhr had been interposed between arteiy and 
vem The arteiy vv as constncted as described The s} stohc and dia- 
stolic pressures were recorded opticall} b) the “spoon” method 
(Sedgwick and Kubicek^) The manometer needle was mserted 

~ Knbicek, W G , Sedgwict, F , and Visscher, JI B , The Smew of Saenttfic 
Instruments, in press 
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Regulated Vascular Obstructiok 


Other investigators (Goldblatt/ Collms," Rvtand') achieved the 
desired degree of ischemia by tightening loops of wire or thread 
around the vessel Brotchner'* and Blum, Scliauer and Calef’ em- 
ploy a device which permits gradual mechanical closure of the vessel 
by means of 2 solid bars which are brought together by a screw to be 
actuated by a stiff wire from outside the animal 

The work of Mann, Herrick, Essex, and Baldes* correlated blood 
flow in vessels with a decrease m internal diameter brought about by 
local constriction It was shorvn that a significant diminution of 
flow was achieved only after reduction of the internal diameter of 
arteries to a small percentage of the original 

The internal diameter of a vessel cannot very well be controlled 
quantitatively in the living animal because of the variability of the 
connective tissue reaction around the clamp among other reasons 
Once a constricting loop or a rigid frame is applied to a vessel and 
the wound closed, the blood flow cannot be changed without further 
surgical intervention Even then the percentage reduction of blood 
flow remains unknown until after the death of the animal, when 
model experiments can be performed on the flow of the blood in the 
constricted vessel 

The method uhich is described here attempts to regulate flow 
by employing the principle of the blood pressure cuff This method 
should allow reversible and well defined obstruction of the vessels 

vwo, when the pressure m the cuff can be controlled by a piece 
of rubber tubing which is brought out through the body wall 

Balloons of suitable dimensions have been obtained by tlie 
courtesy of Mr H E Custer of the Dean Rubber Mfg Co , 16th and 
Iron St , North Kansas City, Mo If clamps of an irregular shape 
are needed it is relatively easy to make the balloons m the laboratory 
by dipping suitable molds into Latex* and drying The finished 
clamp consists of a frame made of Lucite or Bakelite, one or two 
balloons which are fitted in to this frame and connecting glass and 
rubber tubing The assembled instrument may be sterilized by boil- 
ing The solid part has a U-shaped cross section and accommodates 
the vessel to be restricted m the lower part of the groove The flat 

1 GoldWatt, H., Lynch, Hanial and SmnmerviUe, J Exp Med , 1934, 60, 347 

2 Collins, D A , Physiol , 193G, 110, C16 

3 Bytand, D A., Paoa Soc Exp Biou and Med , 1938, 38, 10 

4 Brotchner, B J , Psoc Soc Exp Biou and Med , 1939, 40, 264. 

B Blnm, L , Bchaner, G , and Calcf, B , Am Beart J , 1938, 10, 159 

0 Mann, F C , Hemch, J F , Essex, H E , and Baldes, E J , Svrpery, 1938, 

4 ^49 

’ • Monlage No 235, Vultei Cliemical Co , 666 Main St , Cambridge, Mass 
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Growth of the Mammary Glands m Hypophysectomized Mice * 
W U Gardner. 

From the Department of Anatom;/, Tale University School of Medicine 


Many investigations have indicated that the hypophysis is essen- 
tial for mammary growth in animals receiving estrogen (see ^ and * 
for review) The above observations, however, have not been 
imiform in animals of different species or, in some instances, among 
animals of the same species observed m different laboratones In 
hypophysectomized male mice the injection of large amounts of 
estrogens for prolonged periods” did not induce mammary growth 
On the other hand mammary growth followed the injections of a 
lipoid extract of the pituitary gland and led to the assumption that 
the pituitary produced a mammogenic hormone * 

Recent experiments have demonstrated that estrogens will induce a 
local growth of the breast tissue of rabbits” and monkeys® if properly 
applied while adjacent mammary glands in the same animal are not 
affected Similar experiments conducted with mice have given 
comparable results ^ Mammary growth has also occurred in young 
male mice receiving injections of progesterone,” several androgens 
and desoxycorticosterone as well as estrogens ' The apparently 
contradictory observations listed above indicated the desirability of 
further studies on the estrogen-hypophyseal-mammary relationship 
One-hundred-one hybrid mice from 30 to 80 days old were hypo- 

* These investigations have been snpported by the Jane Coffin Childs Memorial 
Fund, the Anna Fniler Fund and the Fluid Hescarch Funds of Tale University 
School of Medicine 

1 Turner, C W , Mammary Glands, Chapter XI, Sex and Internal Secretions, 
E Allen, C H. Danforth and E A Doisy, Editors, WiUiams t Wilkins, Baltimore, 
Nelson, W 0 , Physiol Eev , 1936, 10, 488 

SFrednkson, H., Acta Gist et Gynec Scand , ID, SnppL 1 
s Gomez, E T , Turner, C W , Gardner, W U , and Hill, B T , Psoa Soc Exp 
Biol and Med , 1937, 80, 287 

* Lewis, A A , and Turner, C W , Peoc Soc Exp Biol, and Med , 1938, 89, 
435, Ifo Agr Exp Sta Ses Bui 282, 1938 

0 Lyons, W B , and Sako, Y , Pboc Soc. Exp Biol, and Med , 1940, 44, 398 
® Speert, H , Science, 1940, 02, 461 
t Gardner, W U, Talc J Biol and Med , in press 

8 Gardner, W U , and Hill, B T , PEOa Soa Exp Biol, and Afun , 1936, 84, 
718 

0 Tan Henverswyn, J , Policy, S J , and Gardner, W U , Peoo Soc Exp Biol. 
AND ATed , 1939, 41, 389 
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Regulated Vascular Obstruction 


TABLE I 





Plow 




(in % of 
unobstructed 

Cuff pressure 

Dioatobc pressure 

Systolic pressure 

120 cc/nun) 

0 

120 

170 

100 

14 

120 

170 

100 

32 

130 

180 

66 

66 

125 

175 

60 

66 

135 

175 

60 

88 

135 

176 

33 

104 

140 

175 

20 

122 

135 

175 

18 

132 

185 

175 

10 

143 

135 

176 

8 

156 

135 

175 

6 

165 

180 

175 

3 

174 

136 

170 

2 

188 

135 

176 

1 

209 

130 

176 

0 

150 

125 

170 

2 

140 

130 

170 

3 

128 

125 

175 

3 

112 

125 

170 

7 

94 

130 

175 

9 

81 

130 

180 

10 

109 

95 

140 

6 

85 

95 

146 

9 

30 

106 

160 

40 

8 

110 

160 

55 

74 

116 

160 

20 

136 

120 

160 

6 

173 

115 

155 

0 

160 

116 

155 

16 

103 

115 

165 

10 

6 

110 

160 

70 


longitudinally into the artery, cardiad to the constriction, with the 
bevel pointing towards the heart The cuff pressure was read directly 
from a mercury manometer 

The reported figures indicate the gradations m flow which may be 
obtained with the above described device It is believed that more 
satisfactory regulated and reversible restriction of blood flow can be 
achieved in this way than by other methods 
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20 to SO mitotic figures were counted m individual termmal buds of 
the proliferating ducts The total size of the glands averaged less 
than those of intact animals similarly treated The response of the 
glands of the incompletely operated animals was usually quite similar 
to that of the completely hypophysectomized except in a few mstances 
The very small amount of pituitary tissue remaimng in some incom- 
pletely operated animals, no anterior lobe-tissue m some instances, 
did not greatly alter the quantitative response of the glands 

The amount of mammary groivth occurring and the relative num- 
ber of mice responding was smaller in the completely operated ani- 
mals of the groups receiving desoxycorticosterone acetate, pro- 
gesterone or estradiol dipropionate The glands of these ammals 
were only slightly enlarged and comparatively few dividing cells 
were present m the end buds of the ducts The glands of the incom- 
pletely operated mice receiving desoxycorticosterone acetate, pro- 
gesterone or estradiol dipropionate were all more extensively de- 
veloped if anterior lobe tissue remained 

The complete lack of mammary groNvth in the mice receivmg 
testosterone propionate -j- estradiol dipropionate cannot be explained 
at this time as both of these hormones alone mduced a defimte but 
slight mammary growth The more extensive mammary prolifera- 
tion of the mice receivmg desoxycorticosterone acetate 4- estra- 
diol dipropionate or progesterone -}- estradiol dipropionate is not 
considered to be only an additive effect 
Summary Slight growth of mammary glands of some hypo- 
physectomized male mice was induced within 15 days by the mjec- 
tion of desoxycorticosterone acetate, progesterone and estradiol di- 
propionate A more extensive and more rapid proliferation of the 
mammary ducts of hypophysectomized mice occurred when desoxy- 
corticosterone acetate or progesterone was injected with the estra- 
diol dipropionate 
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physectomized using the parapharyngeal method described by 
Thomas Testosterone propionate, desoxycorticosterone acetate 
or progesteronet alone or in combination with estrogens or estrogen 
alone were administered for periods of 12 to 15 days starting from 
1 to 89 days postoperatively All hormones were dissolved in 
sesame oil and injected subcutaneously The mice were fed Purina 
Fox Chow and water The mammary glands were removed on the 
skins and prepared as “whole mounts” The completeness of hvpo- 
physectomy was checked by examination of serial sections of the 
sella turcica and surrounding tissues 

The 7 groups of mice in the present experiment are listed m 
Table I Each of these groups was composed of smaller units of 3 to 
6 animals Each of the animals of these smaller groups received 
the same amount of hormone while the amounts varied among the 
groups The range of the daily doses administered is indicated m 
the table 

All of the substances used induced mammary growth in hypo- 
physectomized mice except the testosterone propionate The rela- 
tive number of mice showing mammary growth and the extent of 
mammary growth was greatest in those receivmg desoxycortico- 
sterone acetate -f- estradiol dipropionate, or progesterone -f- estra- 
diol dipropionate The glands were markedly enlarged, and from 


TABLE L 

Sonunary of the Treatment and Mammary Besponee of Completely and Partially 
Hypophysectomuied Mice Receiying Several Hormonea 


Treatment 

hormones 

used 


No of mammary responses 

No with No with , , 

complete incomplete Complete Incomplete 

No of hypophysec hypophysec Treatment hypophysec hypophysec 
mice tomy tomy amt daily tomy tomy 


TP* 

16 

11 

S 

25 to 1 25 mg 

0 

1 

DC 

10 

7 

3 

25 mg 

2 

2 

P 

12 

4 

8 

125 to 0 25 mg 

1 

3 

B 

19 

10 

9 

05 pg to 1 ng 

5 

8 

DC and E 

18 

Ut 

4 

DC and EJ 

12 

8 


16 

12 

4 

P and Bt 

11 

4 

TP and E 

10 

7 

3 

TP and Et 

0 

0 


•TP- 


ftesterone, E— Estradiol dipropionate 

tone mouse in this group had no mammary glands 

JTlie amounts of the vanous honnones used in these groups vaned as indicated 


above. 

10 Thomas, P , Endocrinology, 1938, 28, 99 
t The testosterone propionate and progesterone were generously supplied by 
Dr E Schwenk of the Schenng Corporation and the desoiycorticostorone acetate 
and estradiol dipropionate by Drs Mautner and Oppenheimer of Ciba Pharmaceu 
tical Products 
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tected against both the Japanese and the St Louis viruses Further- 
more, Webster'* obtained no cross protection against the Japanese 
virus with the serum of a monkey hyperimmumzed with the St 
Louis virus, but wuth serum from a monkey h}^erimmunized witli 
the Japanese \ irus, mouse protection was afforded not only against 
the Japanese virus but against at least one minimal lethal dose of the 
St Louis Aims This cross protection with the Japanese serum is 
not emphasized by Webster, although it appears in the table of his 
results 

In contrast to the results of others Perdrau," in experiments pub- 
hshed posthumouslj', demonstrated neutralization of the homologous 
and the heterologous virus to approximately the same extent with 
antisera prepared m rabbits by hj'perimmunization with either the 
virus of Japanese encephalitis or the Aurus of SL Louis encephalitis 
These results are not m accord Avith the other published data * 

In vieAV of the conflictmg evidence reported m the literature, it 
seems desirable to report our results obtamed with the sera of mice 
and rabbits hj'penmmunized AVith the viruses of St Louis and Japan- 
ese encephalitis 

Materials and Methods Virus The Nakayama strain of Japanese 
encephalitis virus and the Hubbard strain of St Louis encephahtis 
virus Avere employed m these experiments 

Serum The serum Avas prepared m the following manner Three 
groups of mice Avere immunized AVith the Japanese inrus by repeated 
subcutaneous inoculations of 25 cc of dilutions of fresh infected 
mouse brain. Each group received 10 Aveekly inoculations For the 
first moculation a virus dilution of 10^ Avas employed. The strength 
of the virus dilution used Avas increased Avith subsequent inocula- 
tions, so that a dilution of 10“’ AAas used for the final 4 inoculations 
Each group of mice Avas bled one AA'eek after the last injection. The 
sera from the individual mice of each lot Avere pooled. 

St Louis virus immune serum was prepared in mice m a similar 
manner Taa'o groups of mice Avere immunized One group re- 
ceived 11 inoculations, and the other, 14 inoculations A virus 
dilution of 10'^ Avas used for the first feiv inoculations, and for 
later inoculations, a stronger dilution, KT’ The sera from the 
mice m each group Avere pooled 

Immime sera Avere prepared m rabbits by immunizing them Avith 

* Perdran, J E , J Path and Pact , 1940, 60, 545 

* AVebster has recently published the results of a study of the strains of vims 
used by Perdran He reached the conclusion that some of the matenal had been 
mislabeled and that Perdran had been dealing only mth strains of the St Lows 
Tims AVebster, L T , Paoc Soc Exp Bior. axd Med , 1940, 45, 499 
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Serological Relationship Betw'een the Viruses of Japanese B and 
St Louis Encephalibs 

Margaret G Smith and Harold R Reames (Introduced by 

R, A Moore ) 

From the Department of Pathology, Washington University School of Medicine, 

St Louis, Mo 


Although many points of resemblance behveen the viruses of St 
Louis and Japanese B encephalitis have been emphasized, the evidence 
supporting their serological relationship is conflicting 

In neutralization tests in mice, Kawamura^ and his associates 
found no cross protection with antisera prepared m mice, rabbits 
and goats by immunization with the viruses of Japanese and St 
Louis encephalitis, nor with sera of patients convalescent of the hvo 
diseases Kasahara’ and his colleagues found that the Japanese 
hyperimmune serum of rabbits neutralized both the Japanese virus 
and the St Louis virus, but the latter only to a slight degree On tlie 
other hand, the St Louis immune serum neutralized only the St 
Louis virus With one of the strains of St Louis virus used, this 
slight cross protection was apparent when the virus-serum mixtures 
were mstilled intranasally but not when inoculated intracerebrally 

Kudo’ and his collaborators observed that sera of rabbits immu- 
nized with the Japanese encephalitis virus neutralized not only the 
homologous virus, but to some extent the St Louis virus Their 
tables show that protection of mice against 1 to 100 minimal lethal 
intracerebral doses of the St Louis virus was afforded by immune 
sera from each of 3 rabbits 

In protection tests in mice, Webster^ found no cross neutralization 
of the Japanese and St Louis viruses with the sera of mdividuals 
convalescent from either Japanese B encephalitis or St Loins en- 
cephalitis However, he cites an instance of cross neutralization 
with human sera noted by Kuttner ’ Sera obtained by Kuttner 
from two Europeans who had contracted encephalitis in China pro- 

1 Kawamnra, E , Kodama, M., Ito, T , Yasati, T , and Kobajakawa, T , Arch 
Path 1936, 23, 510 

2 Kasahara, S, Tamada, E, and Hamano, E, Kitsato Arch Exp Med, 1937, 
^^’a^Kudo, M, TJragnchi, K , Matsnda, S , and Hashunoto, K, J Immunol, 1937, 


32,129 

s Webster, L. 
6 Kuttner, A., 


T J Fxp Med , 1938, 67, 109 
and T’nng, T, / Clin Inv , 1936, IS, 525 
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afforded not only against the Japanese virus, but to a slight extent 
against the St Louis virus (Table III) This protection against the 
heterologous virus, although slight against only one to 10 minimal 
lethal intracerebral doses, appears to be of significance since it oc- 
curred with all 3 sera With the Japanese immune rabbit serum, the 
same slight neutralization of tlie heterologous virus was observed 
(Table IV) These results are in agreement with those obtained 
by Kudo and by Kasahara with immune rabbit sera They are also 
m agreement with the findings recorded by Webster with immune 

TABLE IL 

Ncntraluation Tests Usmg St. Louis Immune Babbit Sera with the Japanese B 
Encephabtis Virns and ivith the St Iionis Encephalitis Yima 

Dilution of Japanese virus added to serum 

Babbit sera KM 10-t KM lO-o 10-r 

Normal — — 6, 6, 7, 8 6, 8, S, S — 

St Louis Imm No 391 — — (l)>6j 7, 7 7, S, S, S — 

Normal — — 5, 6, 6, 7 6, S, S, S — 

St, Louis Imm No 395 — — 6, 7, S, S S, S, S, 6 — 

Dilution of 8t Louis Tirus added to serum 

10-3 10-4 10-0 10-0 10-7 

Normal — — 4, 4, 6, 6 4, 6, 5, 6 4, S, 6, 8 

St. Louis Imm. No 391 6, S, S, S 8, S, 6, S — — — 

Normal — — 3, 4, 4, 6 4, 4, 5, 6 — 

St Louis Imm No 395 6, 6, 9, 8 S, 8, S, 8 — — — 


TABLE IIL 

Neutralization Teats Using Japanesa Immune Mouse Sera with Japanese B Enceph 
alitis Virus and with St Lows EncephaUtis Virus 


Pooled mouse sera 


Dilution of St Louis vltub added to serum 
10-3 10-» 10-s 10-6 


Normal No 386 — 4, 5, 5, 5 (2), 5, 5, 8 6, 8, S, 6 

Japanese Imm. No 385 — b> 5, 5, 6 5, 5, 8, 8 8, 8, 8, 8 

Normal No 366 — 4, 4, 5, 5 5, 6, 7, 8 5, 6, 8, 8 

Japanese Imm No 363 — 4, 6, 6, 10 5, 8, S, 8 8, S, 8, 8 


Normal No 386 — — 6, 5, 5, 6 5, 8, S, 8 

Japanese Imm No 405 — — 6, 8, 8, 8 S, 8, 8, 8 


Dilution of Japanese viruB added to serum 



10-3 

10-» 

10-0 

10-0 

Normal No 386 

— 6, 

6, 6, 6 

6, 6, 6, 6 

12, 8, S, S 

Japanese Imm No 385 

— 8, 

11, S, S 

S, S, 8, S 

S, S, 8, 8 

Normal No 386 

— 

— 

5, 6, 6, 7 

6, 6, 6, 6 

Japanese Imm. No 405 

6, 7, 8, 9 S, 

8, 8, S 

7, 8, S, S 

S, S, S, 6 
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the Japanese and the St Louis virus respectively by repeated mtra- 
pentoneal inoculations of active virus Approximately 5 cc of a 
10% dilution of virus in broth was used for each inoculation Two 
animals immunized with the Japanese virus received 17 moculations 
over a period of 10 months Sera from these 2 rabbits were pooled 
Another animal received 4 biweekly inoculations Two rabbits 
immunized with the St Louis virus received 20 inoculations over a 
period of 10 months All rabbits were bled 2 to 3 weeks after the 
final moculation 

Neutralisation Test Brains of mice mfected with the St Louis 
or Japanese encephalitis virus were removed aseptically and stored 
m the frozen state for 1 or 2 days At the time of the test, one 
bram was warmed at room temperature and made mto a 10% 
emulsion with broth of pH 7 4 After hght centnfugation the super- 
natant fluid was used to make serial tenfold dilutions One part of 
each dilution of virus used was added to 2 parts of serum, and the 
virus-serum mixture was incubated for 2 hours at 37° C Swss 
mice under light ether anesthesia were inoculated mtracerebrally 
with 03 cc of this mixture Four mice were used for each dilution 
of virus 

Results The results of the cross neutralization tests appear in 
the tables It is apparent that no protection was afforded against 
the Japanese virus with either of the 2 lots of pooled St Louis im- 
mune mouse sera, although good protection was afforded against the 
homologous virus (Table I) The same was true of the St Louis 
immune rabbit sera (Table II) On the other hand, with each of 
the 3 lots of pooled Japanese immune mouse sera protection was 

table l 


Neutralization Tests Using St. Louis Immune Mouse Sera Trath the Japanese B 
Encephalitis ViruB and with the St. Louis Eneephabtis Virus 




PiJation of Japanese 

virus added to semm 

Pooled mouse sera 

10-8 

10-i 

10-5 

10-fl 

Normal No 366 

St. Loms Imm No 

342 

— 

4, 6, 6, 8 
(1), 6, 7, 8 

(1), 6, 7, 8 
4, 6, 7, 8 

6, 7, 7, S 
(1), 6, 8, S 

Normal No 386 

St XiomB Imm No 

406 

— 

(1),6, 5, 5 

5, 6, 6, 6 

6, 6, 6, 7 
5, 5, 6, 6 

6, 6, 6, 6 
5, 7, 7, 7 



Dilution of St LrotuB Tims added to serum 



10-3 

10-4 

10-5 

10-6 

Normal No 386 

St. Iioms Imm. No 
St. Louis Imm. No 

342 

406 

8, S, S, 8 

s, s, s, s 

13, S, S, S 

5, 6, 6, 6 

6, 6, S, 8 

S, S, S, S 

6, S, S, S 

Sy Sy Sy B 

Sj Sf S 


of death of mouse, S = aurrival, () = accidental death. 
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Effect of Fluorine on Life Span of Rachitic Rats * 

Sidney B FiNNf and Morton Kramer.J (Introduced by H C 

Hodge ) 

From the School of Med\c\rte and Dentistry, University of Sochester, 
Sochester, N T 

Although considerable study has been made of the toxic effects of 
fluorine upon the bones and teeth, little attention has been directed to 
Its role m modifying phosphorus metabolism in certam of the de- 
ficienc)' diseases The effect of fluorine upon the calcification of 
the long bones of rachitic rats has recently been studied roentgeno- 
graphically by Morgareidge and Finn * It was found that when rats 
were fed 300 ppm of fluorine incorporated into a rachitogenic 
diet (Steenbock & Black 2965)’ the rickets resultmg was markedly 
less severe as evidenced by the narrower zone of hypertrophic 
metaphyseal cartilage and by the increased overall density of the 
tibial bone With this apparent reduction m the severity of rickets 
it was interesting to speculate whether the mcreased density of the 
bone might be due to formation of a more radiopaque compound 
with fluorine in the bone or w'hether there was an actual lessening of 
the severity of the disease 

This experiment was undertaken to show the effect of fluonne 
upon the life span of rats fed a rachitogerac diet and to offer addi- 
tional evidence on the specific effects of fluorine W'hen added to such 
a diet Twent)-six albino rats from our owm inbred stock were 
divided equally at weaning age (21 days) into 2 groups Litter 
mates and sexes were distributed equally The first group was fed 
the rachitogenic diet (Steenbock & Black 2965) consisting of yellow 
com 76%, w^heat gluten 20%, CaCoj 3%, and NaCl 1% The 
second group of rats was placed upon a similar ration plus 300 p p ni 
of dietary fluorine This was incorporated by thoroughly mixing 
a saturated solution of NH*F in 95% alcohol with the dry diet, 
spreading the wet mixture in thin lasers on large sheets of wrap- 
ping paper and allowing the alcohol to evaporate The amounts of 
inorganic phosphorus in each diet were determined by the colori- 

* Supported by a grant from the Carnegie Corporation of N Y 
t Now aasocmted with the Maternity, Infancy and Child Hygiene Division, 
New York State Department of Health. 

t Assistant Statisbcian, New York State Department of Health. 

1 Morgareidge, K., and Finn, 8 3,^ Nutrition, 1940, 20, 75 
- Steenbock, H , and Black, A., J Biol Chem , 1925, 64 263 
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TABLE IV 


Nentraliration Tests Using Japanese Immune Babbit Sera mtli Japanese B Enceph 
nlitia Vima and with St Louis Encephalitis Vims 


Babbit sera 




Dilution of St Louis virus added to serum 


" 10-3 

lO-t 

10-0 

10-0 



10-7 

Normal serum 







4, 4, 6, 6 

4, 5, 6, 

6 


5, 6, 8 

Japanese Imm 

No 

3P9 

— 

— 

5, 6, 5, 6 

(1),5, 6, 

8 

8, 

8,8,8 

(pooled) 










Normal serum 

No 

267 

— 

6, 5, 5, 5 

5f 5f 5 

— 



— 

Japanese Imm 

No 

270 

— 

6, 6, 6,10 

6, 8, 8, 8 

— 



— 





Dilution of Japanese virus 

added to serum 





'l0-3 

KM 

10-5 

10-0 



10-7 

Normal serum 







5, 6, 7, 8 

6, 8, 8, 

8 


— 

Japanese Imm 

No 

399 

9, S, S, 

, S 8, 8, 8, 8 

8, 8, S, 8 

— 



— 

(pooled) 











serum of the monkey, although the latter investigators apparently 
did not attach any significance to the findings 

An accumulation of evidence shows that in protection tests m 
mice, a definite though slight protection against the St Louis virus 
by Japanese immune serum prepared in a number of animal species 
can be demonstrated On the other hand, no protection against the 
Japanese virus is afforded by St Louis immune serum 

This partial serological relationship between tw'o viruses resem- 
bling each other in many other respects is analogous to the relation- 
ship which has been demonstrated among the 3 viruses — virus B, the 
virus of herpes, and that of pseudorabies ^ The 3 latter possess many 
properties in common, and the antisera to these viruses give a slight 
cross neutralization of the viruses However, with the antisera to 
the viruses of pseudorabies and of herpes, the partial cross neutraliza- 
tion IS in one direction only The immune antiherpes serum pro- 
tects slightly against the virus of pseudorabies, while the anti- 
pseudorabies serum has no demonstrable effect against the herpes 
virus It has been suggested that a generic relationship exists be- 
tiveen these 3 viruses It is possible that a similar group relationship 
exists between the 2 viruses producing the St Louis and the Japan- 
ese tvpe of encephalitis respectively 

A definite though slight protection against tlie virus of St Louis 
encephalitis by serum of animals immunized with the Japanese virus 
has been demonstrated On the otlier hand no protection against 
the virus of Japanese encephalitis has been afforded by St Louis 

immune serum ^ 

7 Sabin, Albert B , Snt J Eip Path, 1034, IG, 372 ~~ 
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Effect of Fluorme on Life Span of Rachitic Rats * 

SroKETi B Finn! and Morton Ksamer.$ (Introduced by H C 

Hodge.) 

From the School of Medicine and Dentistry, University of Bochester, 
Eochester, K T 

Although considerable study has been made of the toNic effects of 
fluorine upon the bones and teeth, little attention has been directed to 
Its role in modifying phosphorus metabolism in certain of the de- 
fiaency diseases The effect of fluorine upon the calcification of 
the long bones of rachitic rats has recently been studied roentgeno- 
graphically by Morgareidge and Finn.^ It was found that when rats 
were fed 300 ppm of fluorine incorporated mto a rachitogemc 
diet (Steenbock & Black 2965)' the rickets resultmg was markedly 
less severe as evidenced by the narrower zone of hypertrophic 
metaphyseal cartilage and by the increased overall density of the 
tibial bone With this apparent reduction m the se\enty of rickets 
It was interesting to speculate whether the mcreased density of the 
bone might be due to formation of a more radiopaque compound 
V, ith fluorine m the bone or hether there w as an actual lessening of 
the severit} of the disease 

This experiment ^\as undertaken to show the effect of fluorine 
upon the life span of rats fed a rachitogemc diet and to offer addi- 
tional evidence on the specific effects of fluorme when added to such 
a diet Twent}-six albino rats from our own inbred stock were 
di\ided equally at weamng age (21 days) into 2 groups Litter 
mates and sexes w'ere distributed equall> The first group w as fed 
the rachitogemc diet (Steenbock & Black 2965) consisting of yellow 
com 76%, wheat gluten 20%, CaCoj 3%, and NaQ 1% The 
second group of rats was placed upon a similar ration plus 300 ppm 
of dietaiy fluorine This was mcorporated bj thoroughly mixing 
a saturated solution of NH 4 F in 95% alcohol with the dry diet, 
spreadmg the wet mixture in thm lasers on large sheets of wrap- 
ping paper and allowing the alcohol to evaporate. The amounts of 
inorganic phosphorus m each diet were determined by the colori- 

* Supported bv a grant from the Carnegie Corporation of N T 
t Novr associated vnth the Maternity, Infancv and Child Hygiene Division, 
New York State Department of Health. 

t Assistant Statistician, Nevr York State Department of Health. 

1 Morgareidge, K., and Finn, S B , J Nutrition, 1940, 20, 75 
~ Steenbock, H , and Black A., J BioX Chem , 1925, 04 263 
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metric method of Berenblum and Cham* and found to be equal, 
thus precluding any possible conversion of the organic phosphorus to 
the inorganic form by tlie action of the NH^F and alcohol Since the 
fluorine ration loses its efficacy on standing, this portion of the 
experimental diet was made up fresh every few weeks The rats 
were given the diets and distilled water ad lib until death occurred 
Mottled enamel was observed to occur on the incisors of the rats on 
the fluorine supplemented diet The age at death of each of tlie 
rats was recorded 

Fundings Table I gives the age at death (m days) of each of the 
rats and reveals that 10 of the rats fed the rachitogenic diet died 
before they reached the 68th day of life, whereas before that age no 
death occurred in the group of rats fed the rachitogemc diet supple- 
mented with fluorine By the end of the 7Sth day of life none of 
the rats fed the rachitogemc diet survived, while 9 of the rats fed 
the fluorine supplemented diet were still living 

The average age at death of the rats fed the rachitogemc diet 
was 65 23 days while for the rats fed the fluorine supplemented diet 

TABLE L 

The Age at Death (in Days) of Each of the 13 Rats Fed the Eochitogenic Diet and 
of Each of the 13 Eats Fed the Rachitogemc Diet Supplemented mth 300 p pjn- 

Plnonne 


Rachitogemc diet 
snpplemented 
Rachitogemc diet irith fluonne 

Age at death (in days) 



59 

68 


60 

73 


63 

74 


63 

75 


64 

76 


64 

76 


64 

76 


64 

78 


66 

78 


67 

80 


68 

80 


71 

82 


75 

82 

Mean age at death (days) 

65 23 ± 0 81 

76 77 ± 0 73 

Standard deviation (days)* 

4.31 ± 0 67 

3 90 d: 0 52 


76 77 — 65 23 

= 7 16, degrees of freedom = 24, P < 0 0001 

161 


/S(i — *)2 

*The standard deviation is computed by the formula * = "V 

N — 1 

■wliere x is tho mean of the set of ohserrations and N is the number of observations 
"iBerenbto, L, and’chain, E , Si^chem J, 1938, 82, 295 
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It w as 76 77 da} s \Vhen the diflFerence betw een the means is tested 
by the t-Test/ ° ®§ this difference of 11 5 days is highl} significant, 
the probabiht} of such a difference occurrmg by chance alone bemg 
less than 0 0001 The effect of fluorine on the hfe span of the rats 
thus appears to be real 

Summary Fluorme, i^hen added to a rachitogemc diet, appears 
to mcrease the life span of rats 

The authors -wish, to acknoivledge the many suggestions of Drs. H C Hodge, 
K. Morgareidge, J F Volkart and D B Ast 
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Studies on Purified Tuberculin Prepared from Bacterial Bodies 
Sam C Wong and George Ouyang 

From the Departments of Sacteriology and Immunology and Public Health, 
Petping Union Medical College, Petping, China 


Recent attempts^ * to increase the }neld of synthetic-medumi 
tuberculin hat e been based primarily on increasing the growth-rate 
of the bacilli and on increasing the number of baalli per umt-volume 
of medium While admitting the importance of these factors it is 
generally agreed that further improvement along these lines is un- 
likely A new approach made m this laborator} consists of m- 
creasing the production of tuberculin by the creation of an optimal 
condition m the medium favormg rapid cell-autolysis after maximal 
growth of organisms has been attamed Some of these findmgs 
have been reported’ Since the tubercuhn thus obtamed consists 
prmcipaU} of bacillary’ proteins it seems of importance to compare 
the potency of purified tuberculm prepared from relatively pure 
bacillary^ proteins \\ ith that prepared from the soluble parts of the 
■v\hole culture \\hich is generally assumed to consist of metabolic 
products in addition to the bacillary proteins On the other hand it 

* Fischer, B A , Statistical Methods for Besearch Worlers, 5th Edition, pp 
120 125, 1934, Oliver A Boyd, London. 

0 Tippett, L H. C , The Methods of Statistics, 2nd Edition, pp 112 116, 1937, 
Williams A Norgate, Ltd., London, 

OYnle, G and Kendall, M G, Introduction to the Theory of Statistics, 
11th Edition, pp 438-443, 1937, Charles Grifiln A Company, Ltd., London. 

1 A complete discussion of this test for determining the significance of the 
difference betivecn two means is given in these references 

1 ’White, W C , Jm Bcr Tuberc , 1934, 30, 707 

2 Wong, S C , and Wemnrl, J , Ibid , 1936, 33, 577 

3 Wong, S C , J Bad , 1937, 33, 451 
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appears also of interest to determine the time required for complete 
extraction of the active cellular protein 

Methods Preliminary trials have shown that autolysis of or- 
ganisms was more rapid in dilute alkali than in the culture medium 
In the present investigation studies were made exclusively on bac- 
terial cells Virulent Mycobacterium tuberculosis, H37, was groivn 
for 4 weeks m liter Erlenmeyer flasks containing 300 ml of a malic- 
acid synthetic medium * At the end of this period the fluid was 
decanted from each flask after which it was replenished with half 
of the original volume of sterile 0 05 N NaOH For controls sterile 
distilled water was added to some of the flasks All the flasks were 
reincubated at 37°C and the contents thoroughly shaken each day 
The state of cellular disintegration was followed by examination of 
smears stained by the Ziehl-Neelsen techmc every other day When 
a majority of the bacilli had been found to have autolyzed each flask 
was tested for presence of contamination by culturing the fluid on 
blood-agar, pH 7 6, for 48 hours The pH of 10 flasks was adjusted 
to 60 to 6 5 with 1-N HCl before heating at 100°C for 3 hours 
The preparation will be designated as tuberculin A Ten other flasks 
were heated without adjustment of pH and will be known as tuber- 
culin B The details of the preparation of purified tuberculin will 
be described elsewhere Essentially the method is similar to that of 
Seibert’s for PPD^ with the exception that glycerol and dialysis in 
collodion sacs were omitted Total nitrogen was determined by the 
micro-Kjeldahl method The biological activities of both prepara- 
tions were compared on human subjects with a PPD preparation 
kmdly supplied to us by Dr Florence Seibert Only the first strength 
of the Mantoux test consisting of 0 00002 mg in 0 1 ml was com- 
pared To rule out personal factors dilutions of all the tuberculins 
were done by one of us and issued to the other with different labels 
The key was later supplied Readings were made 48 hours after the 
mjection by one of us but sometimes by a nurse. Injections were 
made on the dorsal surface of each forearm in approximately the 
same position New tuberculin-syringes were used throughout this 
study 

Properties Both preparations are light powders and very soluble 
in concentrations of 0 5^ with the aid of few drops of dilute NaOH 
The resulting solutions were pale yellow in color The total nitro- 
gen of tuberculin A was 13 27% and of tuberculin B, 12 96% Inci- 
dentally It might be mentioned that the nitrogen-content of the 
former is the same as purified tuberculin prepared from the soluble 

Tiii^beit, F B , -im Sev Ttticro , 1934, 30, 713 



Purified Tuberculin from Bacterial Bodies 


847 


parts of whole cultures Intravenous injections of 15 mg contained 
in 1 5 ml into guinea pigs weighing 300-350 g produced no harmful 
effects Prolonged immunization of rabbits, 150 mg per animal, 
shov ed that tuberculin B was non-antigenic while tuberculin A was 
weakly antigenic In the latter case only complement-fbong bodies 
detectable in 1 5000 dilution of the antigen ivith serum diluted 1 5 
was obtained 

Result The jield of purified tuberculin m both cases was about 
0 5 g In contrast, the yield from the pooled supemate of 20 flasks 
was only 015 g Autolysis began to appear on the 3d day of 
incubation and grossly this was manifested by the disappearance of 
granular forms On the 14th day few intact cells could be found 
On the other hand, stained specimens from control flasks in nhicli 
distilled water alone was added showed comparatively little cellular 
disintegration The heated tuberculin precipitated by trichloracetic 
acid m both preparations was practically salt-free, 3 to 4 washings 
being sufficient to render the precipitate free from chloride and sulfate 
ions It was found that tuberculin B which had been heated at an 
alkaline pH was devoid of activit) This is to be expected since it is 
the classical procedure for hydrolyzing proteins The result of the 
comparative biological actn ities of PPD and of tuberculin A which is 
prepared with pH adjusted to about 6 before heating is presented 
m Table I From the table it is clear that tuberculin A is identical 
in activity to Seibert’s PPD 

Comvicnt The abo%e findings show 3 points of interest First, 
evidence is at hand which seems to identify tuberculin with tuberculo- 
protein, smce purified tuberculin prepared either from the bacillary 
protein or from the soluble parts of the whole culture presents similar 
biological, phj^sical, chemical, and antigenic properties Second, the 
method is only applicable if the pH of the crude tuberculin is adjusted 

table I 

Table ShoiYUg Biological Aetiyity of Tnbercnhn Prepared from Acidified Lyaa te 

Headings m mm 

— — — ^ 

Subject Seibert's PPD Tuberculin A 


HTC 

12 

X 8 

12 

X 12 

WLM 

13 

X 10 

14 

X 11 

FH. 

13 

X 10 

12 

X 10 

C JL 

15 

X 15 

15 

X 12 

CTT 


0 


0 

LCi 


0 


0 

T FC 

17 

X 15 

13 

X 12 

IjhSj 

12 

X 10 

17 

X 13 

JjCh. 

17 

X 15 

15 

X 12 

FYC 

12 

X 11 

13 

X 12 
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to below 7 previous to heating Conversely an alkaline pH at high 
temperature hydrolyses tuberculin and thereby destroys its biological 
activity Third, the complete disintegration of the bacilh is a 
logical method m further mcreasing the yield of tuberculin, for the 
number of organisms present m most cultures grown in synthetic 
media is large 

ConcUtsion From the results presented above it is justifiable to 
conclude that tuberculoprotein is suitable for the production of pun- 
fied tuberculm and that a greater yield of tuberculm over a short 
period of time may be obtained if the organisms are treated with 
dilute alkali 
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Enhancing Action of Egg'Yolk on Virulence of Memngococcus 

for Mice 

K. H Pang (Introduced by S H Zia ) 

From the Department of BaeienoXogy and Immunology, Peiptng Union lledteal 
College, Peiping, China 

Nimgester and his coworkers* found that gastric mucin of the 
hog exerts a great enhancing action on the virulence of meningococ- 
cus in experimental infection of mice This observation has been 
widely confirmed and extended to a number of other microorganisms 
of low virulence However, as Miller* and Nimgester, ef al ,* have 
pointed out that different lots of mucin varied considerably in their 
activities and tliat sterilization by excessive heat might decrease their 
action, difficulties have been met with in our hands to secure a potent 
product for experimental work Recently, m our studies on nckettsise 
cultivated m the yolk-sac of the developing chick,* it was accidentally 
noticed that rickettsia in >olk was more virulent than the same or- 
ganisms contained m other tissues It was thought that possibly 
yolk has an enhancing action on virulence similar to that of mucin 
In order to test this supposition, meningococcus has been chosen for 
study and the results are herewith communicated 

1 Nungester, W J , Wolf , A A., and Jonrdonnlo, L P , Peoc Soc Exp Biol 
AKV Mei> , 1932, 30, 120 

2 Millei C P , Peoc Soc Exp Biol and Med , 1935, 82, 1186 

8 NnneeatCT W J , Jonrdonais, L F , oDd Wolf, A A , J Inf Die , 1986, BO, 11 

4 Pang, K H., and Zla, S H., Pboc Soc Exp Biol and Med , 1940, 45, 76 
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Materials and Method of Study Two freshly isolated strains of 
meningococcus ivere emplo}ed for this study Both uere of low 
virulence when suspended in saline or Tjnode’s solution Organisms 
were grown on blood-agar plate for 6 to 16 hours and made up m 
Tyrode’s solution to 500 mi'hon organisms per ml as compared with 
‘Wellcome” opacity-tube for the standardization of bacterial vac- 
cmes Decimal dilutions vere tlien made also m Tyrode’s solution 
to obtain decreasing numbers of organisms and were then mixed ^\ ith 
9 volumes of diluted egg-yolk immediately before inoculation 
Fresh egg-yolk was obtained aseptically and emulsified mto imi- 
form consistency by shaking vigorously with sterile glass rods This 
emulsion was verj' sticky and its relative viscosity was found to be 
over 60 as determined iMth an Oswald’s viscosimeter Emulsions 
of varying degrees of viscosity were prepared by the addition of 
different amounts of sterile Tyrode’s solution as listed in Table I 


TABLE I 

Belative Tiscosihes of Different Dilotions of Egg Tolk. 


Belahve 

nscosnitT 

60 

52 5 

43 

34 

’5 5 

19 

14 5 

11 

85 

7 

64 

5 

Egg yolk 

in ml 

5 

46 

44 

4.2 

40 

3 8 

36 

3 4 

32 

30 

28 

2 5 

T^ode ’s 

in ml 

0 

04 

06 

08 

LO 

1 2 

14 

L6 

L8 

20 

22 

25 


Yolk-emulsions possessing relative viscositv' betiieen 11 to 19 
have been found to be most satisfactory They were effective m 
enhancing the virulence of the organisms and, at the same time, 
sufficiently dilute to be used for inoculation employing a 27-gauge 
needle 

Results Yolk-emulsion alone m 2 ml amounts of any dilutions 
produced no harmful result after mtraabdommal injection mto white 
mice On the other hand, animals receiving as fet\ as 10 meningococci 
suspended m tlie same amount of j olk-emulsions of proper viscosity 
showed marked prostration, ruffling of hair discharge from eyes, 
and occasional convulsion and tremor Death, preceded by coma, 
usually took place in 16-48 hours Severe bacteremia could be de- 
tected by culturing a drop of blood from the tail vein either just 
before or soon after death of the animals Ho\\e\er, when the 
amount of egg-jolk emulsion, irrespective of its viscosity, was de- 
creased this enhancing action on the virulence of the organisms was 
also greatly reduced If 1 ml was used mstead of 2 ml to suspend 
the organisms, at least 1000 times more organisms \\ere required to 
kill mice. As the amount of > olk-emulsion was further decreased 
below 0 5 ml it became practicail} inert 

Comment Emulsions of egg-yolk of certain ^^scoslty have been 
found to exert an enhancing action on the virulence of 2 freshly 
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isolated strains of meningococcus for white mice when tlie proper 
amount of yolk-emulsion was employed and the intraabdominal route 
was used for inoculation As little as 10 organisms were able to kill 
white mice in 16-48 hours In contrast to the varying quality of 
gastric mucin, egg-yolk is easily obtainable and the material has been 
found to be uniform m pH value and in viscosity as long as the eggs 
were fresh If aseptic care is taken m handling the material, no 
further sterilization is required Emulsions of the desired viscosity 
may be prepared according to the data given 
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Immunological Studies on Proteins of C orynebactertum 
dtphthertce 

Sam C Wong 

From the Department of Bacteriology and Immunology, Pe\pxng Union Medical 
College, Peiping, China 

Previous studies' have shown that type-specific protein derived 
from tlie Park-Williams 8 strain of C diphtherias may be converted 
into a group-specific protein by heating at 56'' C for 30 minutes 
This finding suggests that diphtheric proteins in general may not be 
a single antigen However, direct chemical methods, such as frac- 
tional precipitations with ammonium sulfate, have, thus far, not 
revealed any antigenic differences Likewise the application of the 
sensitive complement-fixation reaction has proven impractical since 
rabbit sera immunized with whole organisms are markedly anti- 
complementary and diphtheric proteins alone failed to produce potent 
antiserum ' If it were possible to enhance the antigenic quality of 
the type-specific protein in rabbits by adsorbing the protein to char- 
coal* the usual serological methods could then be applied The re- 
sults of such a study are described below 

Method Proteins were prepared' from representative strains of 
the serological types D41 and D43 and of group x ’ All were 
serologically active, giving precipitin-titers of 1 100,000 wit h the 

iTfoW s C , nnd T’nng, T , Pmc Soc Exp Biol, and Mj® , 1939, 42, 824. 

" Seib»t, F B , J Immun , 1935, 28, 426 

8 8ia E H. P , and Hnnng, C H , PROa Soc Exp B cr. and Med , 1939, 41, 
34S 
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specific serum only The method of preparing the charcoal for 
absorption was as follows 0 2 g of animal charcoal was suspended 
and washed with 3 changes of sterile distilled water followed by 3 of 
stenie physiological saline It was then suspended in about 30 ml 
of salme and left at 56° C for 2 hours After removing the super- 
nate by centrifugation, 15 cc of a 1% solution of the type-specific 
protem were added and thoroughly mixed It was placed m a 
waterbath at 37° C for 2 hours with frequent agitation Then 25 ml 
of stenie salme were added to the mixture and it was refngerated 
The subcutaneous route of injection was employed after preliminar} 
tnals had shoivn it to be the most effective Only rabbits whose 
sera did not contain natural antibodies and were not anticomple- 
mentary were used Two animals were employed for each protein 
Injections were made on 2 successive days followed by 5 days of 
rest and a total of 8 injections, totalling 16 ml, was given to each 
animal Animals were bled 7 days after the last injection 

Resjilt All the immime sera gave specific agglutinative reac- 
tions The precipitin titers varied from 1 10,000 to 1 50,000 when 
undiluted serum was overlayered with varying dilutions of the anti- 
gen and all but one gave reaction only with the homologous protem 
Type D41 immune serum, however, gave marked cross-precipitation 
with the group x protein The reverse of this, namely, the reaction 
between group x immune serum and type D41 protein did not occur 
On the other hand, when a more sensitive method such as comple- 
ment-fixation was employed the sera were found to be less specific, 
marked cross-reactions among the various proteins and sera being 
found The results showing the antigenic complexity of the 
diphtheric proteins are presented m Table I An examination of the 
last column of the table shows that the diphtheric proteins contain 
at least 2 antigens one specific, and a common one shared apparently 
by all types The specific antigen is best shown with type D41 
protem which gave no reaction with group x serum and only a weak 
reaction with type D43 serum, while the common antigen is best 
sho\vn by the group x protein which reacts to the same degree with 
tlie homologous as well as heterologous immune sera An ex- 
ception to this IS found in the immune serum of tjqie D41 which 
reacted strongly with the tj'pe-specific protein of tjqie D43 This 
may be due to the fact that rabbits were supenmmunized and there- 
fore this serum w-as unsuitable for the demonstration of the type- 
specificity In general, however, the complement-fixation titers of 
all sera were higher with homologous protem than with heterologous 
ones It is of interest to note that serologically inactive proteins of 
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TABLE L 


AatigeDic Relationship of Diphthenc Proteins 


Tmmnnp serum 

Protein 

Precipitin titor 

Complement fisatioii 
titer 

Typo Dil 

T41 

1 10,000 

1 100,000 


G X 

1 10,000 

1 100,000 


T43 

Negative* 

1 50,000 

Group X 

T41 

Negative* 

Negative* 


G X 

1 10,000 

1 500,000 


T43 

Negative* 

1 10,000 

Type D43 

T41 

Negative* 

1 10,000 


G I 

Negative* 

1 50,000 


T43 

1 50,000 

1 1,000,000 


•Negative in 1 1000 diintioii of the antigen 


C diphtheria;* (1 1000) can not be rendered antigenic by adsorption 
to charcoal The polysaccharides of C diphtheria did not give 
preapitin-reactions with any of the sera but did have a complement- 
fixing titer of 1 10,000 

Comment Taking the above findings in addition to those reported 
elsewhere^ we may be justified in arriving at the following conclusions 
regarding the antigenic structure of diphtheric protein The protein 
is composed of at least a heat-labile type-specific antigen and a heat- 
stable common antigen shared by all diphtheric organisms The 
specific antigen being present in larger quantity masks the reaction 
of the other in the precipitative tests The common antigen, how- 
ever, may be manifested either in the serum of superimmunized 
animals by complement-fixation tests or by inactivating the protein 
with heat The specific antigen is also lost when a diphthenc organ- 
ism loses Its virulence as ivas found m the case of the protein pre- 
pared from the avirulent organisms belonging to group x Incidentally 
the method of adsorbing type-specific protein to charcoal may be 
useful in the production of type-specific serum since even undiluted 
serum did not cross-agglutinate 

Conclusion Diphtheric protein is a complex antigen consisting 
of at least a type-specific antigen and a group-antigen 
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Choleretac Achon and Excretion of Cinchophen in Rabbit Bile 


A L Berman and J H Ivy (Introduced by A C Ivy ) 

From the Department of Physiology and Pharmacology, Northwestern Vmverstty 
Medical School, Chicago 


Since the report of Brugsch and Horsters' many investigators have 
definitely proved that cinchophen, or 2-phenvlquinohne-4-carboxylic 
acid, increases the volume output of bile in dogs and man The 
choleretic effect of cinchophen in the rabbit has been disputed in the 
literature Stransky® reported no increase in volume output in anes- 
thetized and unanesthetized rabbits in doses of 0 05-0 2 g Franke“ 
reported that small doses of atophan, up to 0 1 g, had no effect on 
bile flow in anesthetized rabbits, whereas larger doses, 0 IS to 06 g, 
increased the bile flow Matsuoko' noted a choleretic effect of 
atophan in rabbits 

Our work was undertaken to determine the effect of cinchophen on 
bile flow in anesthetized rabbits, and to correlate the effect with the 
amount of cinchophen excreted in the bile 
Methods Rabbits weighing from 1 0 to 2 5 kilos were anes- 
thetized with nembutal (sodium pentobarbital) The abdomen was 
opened and the common duct cannulated near its entrance into the 
duodenum The cystic duct was then ligated securely The bile was 
allowed to flow for about one hour until the volume had reached a 
constant basal level Cinchophen (Calco), as the sodium salt, was 
mjected into the femoral vein in doses of SO, 25 or 10 mg per kilo 
of body weight The bile was then collected at half-hour intervals 
for 2 hours, and the volumes noted and recorded At the end of the 
experiment the bile secreted after the injection of cinchophen was 
pooled, so that the amount of cinchophen secreted could be deter- 
mined The method devised by Bradley' was used for the determina- 
tion of cinchophen in bile 

Restdts Fifty mg of cinchophen were injected slowly intraven- 
ously into 1 1 rabbits The injection of cinchophen did not cause an 
increase m bile volume output The average control output of bile for 
the 11 rabbits was 2 6 cc per half-hour, while the average output for 

1 Brugsch, T , nnd Horstera, H , Z Ges Erp Med , 1923, 88, 307 
- Stranshy, E, Blochem Z , 1935, 155, 266 
8 Pranhe, K., Arch Exp Path v Pharm , 1930, 161, 219 
■* Mntsnoko, T , Japan J Gastr , 1936, 8, 145 

B Bradley, W B , Ivy, A C , Proo Soc Exp Biol, and Med , 1940, 45, 143 
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TABLE I 

Antigenic Eelationship of Diphtheric Proteins 

ImmTine serum 

Protem 

Precipitm titer 

Complement fixation 
titer 

Typo D41 

T41 

1 10,000 

1 100,000 


G X 

1 10,000 

1 100,000 


T43 

Negatire* 

1 60,000 

Gronp X 

T41 

Negative* 

Negative* 


G I 

1 10,000 

1 500,000 


T43 

Negative* 

1 10,000 

Type D43 

T41 

Negative* 

1 10,000 


G X 

Negative* 

1 50,000 


T43 

1 50,000 

1 1,000,000 


•Negative in 1 1000 diluhon of the antigen. 


C dtphiheruB* ( 1 1000) can not be rendered antigenic by adsorption 
to charcoal The polysaccharides of C diphthens did not give 
precipitm-reactions with any of the sera but did have a complement- 
fixing titer of 1 10,000 

Comment Takmg the above findings m addition to those reported 
elsewhere^ we may be justified m arriving at the following conclusions 
regarding the antigenic structure of diphtheric protem The protein 
IS composed of at least a heat-labile tj-pe-specific antigen and a heat- 
stable common antigen shared by all diphtheric organisms The 
specific antigen being present in larger quantity masks the reaction 
of the other in the preapitative tests The common antigen, how- 
ever, may be manifested either m the serum of superimmunized 
animals by complement-fixation tests or by mactivating tlie protein 
with heat The specific antigen is also lost when a diphtheric organ- 
ism loses its virulence as was found in the case of the protein pre- 
pared from the avirulent organisms belonging to group x Incidental!} 
the method of adsorbing type-specific protein to charcoal may be 
useful in the production of type-specific serum since even undiluted 
serum did not cross-agglutinate 

Conclusion Diphtheric protein is a complex antigen consisting 
of at least a type-speafic antigen and a group-antigen 
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for this non-choleretic action of cmchophen, especially since it was 
at variance with the results obtained m dogs It seemed to us that 
cmchophen in the doses employed did not acutely damage the liver, 
because sodium dehydrocholate injected after the administration of 
cmchophen always caused a marked increase in volume output A 
study of the literature revealed that, generally, rabbits are less sus- 
ceptible to cmchophen poisoning than other mammals Myers and 
Goodman" reported that 300 mg of cmchophen administered to rab- 
bits for 45 days caused only minor cellular changes m the liver 
Hanzlik and Lehman' found no change in the rose bengal liver 
function test after feeding 18 rabbits from 0 3 to 1 6 g of cmchophen 
per kilo over a period of ^ to 89 days They also found that cincho- 
phen did not increase the sensitivity of the liver to chloroform or 
phosphorus poisoning Schwartz and Simonds* were unable to 
obtain peptic ulcers in rabbits fed 220 to 550 mg of cmchophen per 
kilo per day for 76 to 99 days 

From our results on the recovery of cmchophen in the bile, it 
appears that the absence of choleresis m rabbits may be associated 
■with the observation that onlj very small amounts of cmchophen are 
excreted m the bile We have found, m previous investigations® 
that the choleresis obtained from the administration of various bile 
salt preparations was associated with the presence of appreciable 
amounts of the bile acid m the excreted bile In the rabbit the liver 
IS not concerned with the excretion of cmchophen as m the dog 
Since cmchophen is not excreted m significant amounts m the bile of 
the rabbit, it would exert no osmotic effect on the bile and extra 
water would not be excreted in the bile The failure of the rabbit’s 
liver to excrete cmchophen is the only available explanation of the 
fact that the drug fails to cause choleresis in the rabbit 

Summary and Conclusions The chloretic action of various doses 
of cmchophen was studied in a relatively large number of anes- 
thetized rabbits Cmchophen in doses ranging from 10 to 50 mg 
per kilo had no appreciable effect on the volume output of bile It 
was also found that, on the average, only 3 mg of cmchophen per 
rabbit was recovered m the bile over a period of 2 hours Since it 

^ Myers, H B , and Goodman, L , Arch Int Med , 1982, 40, 940 

1 HaniUk, P J , and Lehman, A. J , Aroh Ini Med , 1933, 62, 471 

« Schwaiti, 8 O , and BVmonds, J P , Pnoc Soc Exp Biol, and Med , 1936, 
»2, 1183 

® Berman, A L , Snnpp, E , Ivy, A C , Atkinson, A J , and Hough, V H., 
Am. J Dta , 1940, 7, 333 

11 Berman, A L , Snnpp, E , Ivy, A C , Hough, V H , and Atkinson, A T , 
Am J Phjisiol , in press 
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the first half-hour after the injection of cmchophen was 2 4 cc 
During the remainder of the test period, the output usually showed 
a gradual decrease, or showed normal fluctuations A normal varia- 
tion of ±17% in volume output was noted in 5 control rabbits which 
received no cmchophen The injection of 50 mg per kilo of sodium 
dehydrocholate 2 hours after the cmchophen provoked a brisk 
choleresis 

It was thought that possibly a dose of 50 mg per kilo was too 
large for rabbits Therefore, m subsequent experiments 25 and 10 
mg of cmchophen per kilo were injected In 5 rabbits, 25 mg per 
kilo gave no choleretic response Similar results were obtained iv ith 
10 mg of cmchophen per kilo in 3 rabbits 

It was quite obvious that, under the conditions of our experiments, 
cmchophen m large or small doses manifested no choleretic property 
m rabbits Bradle)'® m his studies on anesthetized and unanes- 
thetized biliary fistula dogs found that the increase m bile volume 
occurring with the administration of 50 mg of cmchophen per kilo 
was assoaated w ith the recovery in the bile of approximately 20 to 
78% of the administered cmchophen Thinking that this fact, 
confirmed by us during tins study, may be concerned m the mecha- 
nism of cmchophen choleresis, the bile obtained during the experi- 
ment was analyzed for cmchophen content 

The total amount of cmchophen excreted by 1 1 anesthetized rabbits 
when 50 mg per kilo was administered was 32 7 mg or an average 
of approximately 3 mg per rabbit during the collection period of 
2 hours In anesthetized dogs, Bradley' recovered 51 mg of cmcho- 
phen per dog during the same period of time When the smaller 
doses were administered correspondingly smaller quantities of 
cmchophen were recovered m the bile No cmchophen ivas found in 
the control bile, nor m the bile obtained after the injection of sodium 
dehydrocholate (Decholm-Sodium) which is an excellent choleretic 
m rabbits according to our observations on 12 rabbits When small 
amounts of cincliophen were added to bile approximately 100% 
recoven' was obtained It is remotely possible that the liver of the 
rabbit is more sensitive to sodium pentobarbital anesthesia than the 
liver of the dog, even though the pentobarbitalized rabbit’s liver 
secreted briskly m response to sodium dehydrocholate To test this 
possibility 50 mg of sodium cmchophen per kilo was given slowly 
intravenoush to 3 unanesthetized (chronic) biliarj fistula rabbits 
A choleresis did not occur 

Discussion From our results it can readily be concluded that 
different doses of cmchophen had no appreciable effect on the volume 
output of bile in rabbits Our next problem was to find the reason 
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Preliminary studies showed that relatively great centrifugal forces 
(4,000 rpm at 15 cm) were necessary to displace the plastids m the 
cortical plasmagel whereas to displace the granules m the mobile 
plasmasol relatively small centrifugal forces (1,000 rpm at 15 cm) 
were required As can be seen from the tables these cortical plas- 
tids (mostl3( chloroplastids) apparently were inactive as ion accu- 
mulation centers, and only served to dilute the granule fraction in 
general However, when centrifugation was sufficient the cytoplasm 
became absolutely clear showing that all granules were sedimented. 

The data obtained were quite reproducible and the maximum error 
did not exceed ±5% Tables 1 and II show the change K* or 
HP*0, = ion concentrations m the granuloplasm after various 
periods of immersion of the cell in OOIM K^Cl or NajHP^Oi in 
pond water at pH 8 2 temperature 15 ± 01 °C Control cells, those 
which had not been centrifuged, were immersed in radioactive salts 
and then cut in half and each half measured for radioactivity This 
showed that these halves each had the same ion radioactive concen- 
tration 

The times of sampling were chosen to correspond with various 
phases of the ion penetration process, namely 25 hr corresponding 
to a maximum of induced accumulation (cf Brooks^) , 5 hr cor- 
responding to a minimum of ion concentration, and 4-8 hr cor- 


TABLE I 

GraBule Aecmnulation Ratios for Various Times of Immersion of Cells m 
Radioactive Solutions 


Babo K.* Ion Concentration in Granular Protoplasm 

Time of immersion, 
hr 

K* Ion Concentration in Hvaline Protoplasm 

Low centrifugal force 

High centrifugal force 

0 30 

0 20 

0 25 

064 

0 56 


1 10 

0 60 

1 00 

2 20 

0 75 



TABLE n 


Ratio HP*©^' Concentration in Granular Protoplasm 

Time of immersion 
hr 

Concentration in Hyaline Protoplasm 
(Low centrifugal force) 

0 80 

0 25 

1 48 

0 60 

2 80 

100 

444 

2 00 

10.56 

8 00 


1 Brooks. S C . J Cel! Comp Physiol , 19S9, 14, 4. 
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was found that the absence of cinchophen choleresis in the rabbit was 
not due to an acute intoxication of the liver, because after cmcho- 
phen sodium dehydrocholate caused a brisk choleresis, it is tenta- 
tively concluded that cinchophen does not cause choleresis in the rabbit 
because it is not excreted in the bile 
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Radioactive Ion Distnbubon in Protoplasmic Granules 
Lorin J Mullins ( Introduced by S C Brooks) 

From the Department of Zoology, University of California, Berlelev 

The Nitella cell has an extensively granulated protoplasm, meas- 
urements on frozen sections giving up to 15% of the total volume 
of the protoplasm as being made up of nucleii, plastids, mitochondria 
and non-ergastic bodies It seems important to inquire whether these 
granules play a significant role in ion transfers, and indeed, whether 
these bodies might not be the main seat of ion accumulation 

To determine to what extent the granuloplasm took up ions single 
intemodal coenocytes 5-10 cm m length of Nttclla coromta were 
prepared by destroying alternate cells in the chain Care was taken 
to preserve a short extension of the cellulose wall (about 5 mm 
long) from the adjacent cell Surgical thread could then be tied 
around this cellulose projection and the cell left for 24 hours in pond 
water in the cold room (15°C) under conditions of intermittent light 
which simulated sunlight After this treatment tlie cell was im- 
mersed in radioactive solutions for the desired time and then placed 
in a centrifuge tube, the thread tied about a cork in the tube and its 
length adjusted so that the cell was held clear of the sides and bot- 
tom of the tube Centrifugal force sufficient to displace the gran- 
ules in the cell was applied without any other observable damage 
Control centrifuged cells kept under the previous conditions would 
show a gradual redistribution, reaching substantial completion in 
about 60 hours, of the stratified granules These cells Iiv^ as long 
as untreated cells After stratification had been obtained the ex- 
perimental cells were bisected into centripetal and centrifugal halves, 
or fractions, and the activitj' of each half of the protoplasm meas- 
ured under a Geiger-Muller counting tube The only apparent error 
due to mixing was m the sap, which almost certainly became mixed 
during the sampling 



A Micro-Photoelectric Photometer 


859 


it possible to apply the photoelectric principle to measuring the low 
intensities of color in the cholesterol micromethod of Schoenheimer 
and Sperry^ and have allowed the development of a technic for 
determining bilirubin in serum when the sample is only 0 1 cc The 
sensitivity is great enough to make obligatory the use of color filters 
of narrow spectral transparency Since no basically new features 
are involved in the electrical or optical systems, the instrument is 
adequately described by the details m Fig 1 The light source is a 15- 
candle-power automobile bulb The ratchets, not shown in the diagram, 
for centering the position of the lamp must be capable of fine lateral 
and horizontal adjustments in order that the beam shall traverse 
the absorption cell and fall on the dispersing lens, M Energy for 



PlQ 1 

Diagrammabc section through the photoclcctne pliotomoter and three dimen 
sional sketch of the instrument The Inholed parts of the diagram refer to 
A, housing for the light compartment, B, Iid over window giving access to the 
color filters, C, brass tube forming the cell compartment, H, bolts for supporting 
the absorption coll, E, locknut for fixing position of the cell compartment, F, 
compartment for the photoelement, G, end plate of the previous compartment, 
H, brass support, I, Bakelitc support, J, compartment for the color filters, 
K, spherical mirror (diameter 1,A", radios of curvature 1%") , L, converging 
lens (diameter 30 mm, focal length 37 nun) , M, dispersing lens (diameter 6 mm, 
focal length 6 4 mm) , N, photoclement (Lange, typo S 50 or Weston photronic, 
type 2) , 00’, optical center of the instrument 

t Schoenheimer, B., and Sperry, W M, J Biol Chem , 1934, 100, 745, Sperry, 
■W il, Am J Clin Path , 1938, 8, 91 
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responding to true primary accumulation of ions by the cell It ap- 
pears that as the accumulation of ions progresses, the concentration of 
these ions takes place m tlie granules of the cell An objection to tins 
technic may be that tlie whole protoplasm is centrifuged to the bot- 
tom of the cell under the conditions of the experiment This, how- 
ever, does not seem likely m view of the relatively strong turgor of 
the cells and the low centrifugal forces applied A general discussion 
of ion permeability phenomena will be found in Mullins- so that 
only a brief explanation of the data will be given here 

Since a large concentration of ions distributed throughout the 
hyaline protoplasm might alter markedly the colloidal nature of the 
protoplasm by causing excessive solation of the colloid, it seems reas- 
onable that there must be some stations in the cell where ions are 
accumulated and rendered ineffective Apparently the vacuole of 
the Nttella cell functions m tins manner, and tlie data here given 
would indicate that the granules also supplement the vacuole in this 
process 
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A Micro Photoelectric Photometer 
A A Weech 

FTom the Department of Fediatnca, College of Fhystcuine and Surgeons, Columhta 

Vniversity, New YorX 

Photoelectric analytical procedures depend for accuracy upon a 
depth of color in solution sufficient to produce satisfactory deflection 
of a galvanometer or other recording device Ideally the volumes 
of reagents and sample are adjusted to yield 20-80% absorption of 
the incident light Since the necessary intensity of color varies with 
the length of the piath of the light beam in the solution, the dimen- 
sions of the absorption cell are limiting factors in adapting procedures 
to microanalysis Present instruments on the market do not permit 
an absorption path longer tlian 20 mm when the volume of solu- 
tion is limited to 1 cc 

An instrument in use at the Babies Hospital during the past 
years demonstrates the feasibility of constructing apparatus in which 
the light beam traverses a path of 50 mm through a tube-cell of 
narrow bore and only 1 cc capacity These specifications have made 

2 Mulhns, L J , Ionic Equililria in Protoplasm, ta press, 1940 
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color mtensit} as determined for the German silver cell b} making 
a long series of readings o\er a number of days on ti\o standard 
intensities of color The colored solutions were composed of pure 
carotene dissolved in chloroform and diluted uith alcohol, the 
readings w ere made w ith a blue filter With the more dilute solution 
light transmission was about 70% , concentrations calculated at this 
lei el show ed a standard error of =t 0 65 % With the more con- 
centrated solution light transmission was approximately 25%, con- 
centrations computed from these data disclosed a standard error of 
±0 24% 

The author expresses lus indebtedness to i\Ir Kem F Larkm, 
who solved most of the constructional problems and to Mr Fred 
Rosebur} , w'ho assisted in this w ork 
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Differenbation of Influenza A and Influenza B by the 
Complement-Fixation Reaction * 

Thomas Fraxcis, Jr 

from the Department of Bacienology, Xew Tori Dnircrettij College of iledteine 

A recent reporP has described the isolation of a new’ serological 
t}'pe (B) of \’irus from epidemic influenza By means of the neu- 
tralization test with sera from comalescent animals and human 
individuals, it was shown tliat this Aims aars readil} differentiated 
from viras of the t)-pe (A.) preinously identified In tlie process of 
adaptation of the new Auras to mice, attempts A\ere made to ascertain 
Aihether serological differentiation could also be obtained with the 
complement-fixation reaction While the earlier results were in- 
definite, these efforts haAC been renewed since the Aims has in- 
creased m A iralence for mice 

Antigens were prepared from lungs of mice infected with the PRS 
strain of the a iras of Influenza A* and also from mice infected w ith 
the Lee strain of Influenza B Aims Two percent suspensions of 
the infected lungs m phi siological salt solution, after clanfication bi 

* This shidv was conducted under n grunt from the International Health 
Division of the Kochefeller Foundation 

1 Francis, T , Jr Science 1^40, 92, 405 

2 Horsfall, F L- Jr , Lennette, E H., Kickard, E. Andrewes, C H., Smith, 
W , and Stuart Hams, C H Duncct, 1940, 2, 413 
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Fig 2 

The absorphon cell of 1 cc capacity, A indicates the constitiieiit 
cell and B, the assembled celL In addition to the mam body of the pa™ 

iacluie tiro metal caps, TV, tivo rubber washers, X, a single metal diaphragm, i, 
two glass windows, Z 

the lamp is furnished by a 6-volt storage battery in senes with a 
sliding-contact rheostat of 0 83 ohm resistance The photocurrent 
IS measured with a I^ge multiflex galvanometer (maximum sen- 
sitivity, 4 X 10^ amperes per mm of scale, maximum internal resist- 


ance, 1000 ohms) 

The absorption cell, Fig 2, can be purchased as part of the ac- 
cessory equipment of the Zeiss Pulfrich photometer For non- 
corrosive solutions we use a cell of similar dimensions constructed o 
German silver and encased in an insulating barrel of plastic The 
fidelity of readings is somewhat greater with the metal than with 
the glass cell, apparentlv because equilibration of temperature is 
attained more rapidly The analytical metliods examined so far 
have utilized organic solvents for the development of color, 
such solutions there has been no difficulty in rinsing and filling the 
narrow-bore cell In operation the cell is filled with a blank solu- 
tion of the reagents used m the method, placed in the instrument and 
rotated to a fixed and reproducible position Galvanometer sensi- 
tivity IS adjusted to yield full deflection of 100 scale divisions 
Because the cell acts as a condensing lens, its removal brings about 
a fall m the galvanometer deflection. This “air-setting” is noted 
and maintained throughout subsequent readings by adjustment of 
the galvanometer rheostat The percentage light transmission of 
the miknown solutions can then be read directly as units of deflection 


°”^r tSJWpose of this report the reduphcability of measures of 
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influenza in 1940 sho\\ed a sharp nse in antibodies to the T3'pe B 
antigen but not to the antigen of Tj'pe A- In the case of patient Sq , 
no nse in complement-fixing antibodies i\ as detected 
These obseri'ations, hile limited in number, sen e to emphasize the 
antigemc differences between the 2 viruses and to indicate that the 
complement-fixation reaction can be emplo}ed for the differential 
diagnosis of epidemic influenza due to nrus of T3-pes A and B 
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The Diumal Levels of Blood LeukocjTes m the Normal Rabbit 


Albert E Casey 

From tTie Department of Patholoov and Sacienoloov, School of Ifcdtctne, 
iouiffiona State Untveretit) 


Extensile studies on the blood of normal rabbits,* which were 
made for another purpose,^ * seemed to offer an umque opportumt3' 
to determine whether a definite diurnal C3c]e in the ]eukoc3-te levd 
actuall3 exists in this species The animal material used had been 
acclimated to the laborator3 for months or 3 ears before the counts 
were made The exact age of the animals, as well as their breed and 
ph3sical condition, was known m most instances Counts were not 
made oftener than 3 times a week, and usualh onl3 once a week 
The exact time of da3 at which the blood was taken had been re- 
corded for each determination Fmall3, the matenal was suffi- 
cientl3 extensn e to make statistical anal3 sis possible. 

Materials and Methods Although blood counts on normal rab- 
bits were ai-ailable for all months of the 3 ear, the Noi ember and 
December counts w ere selected for analysis because m these months 
the largest samples were aNmlable for each hour of the da3 from 
9am to 5 p m The i-ariation m the formula of the blood betw een 
the 2 months w as not significant 

The animal matenal consisted of 204 30ung adult male rabbits 
examined m the months of Noi ember and December in the 3 ears 

* These studies ivere done at the Rockefeller Institute for Medical Research, xn 
the laboratorr of Dr Wade H Broun. Thev were earned out hr the author, m 
cooperation mth Drs Louise Pearce, Paul D Rosahn, and C K. Hu. The technical 
assiBtance of Mr LesUe Eash nras iuTaluable 

1 Pearce, L^ and Caser, A. E , •! Fxp Med , 1930, 51, S3 

2 Caser, A. E., Eosahn, P D , Hn, C K., and Pearce, L., J Exp Mrf., 1936, 
64, 453 
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centrifugation, were used in the tests Two units of complement 
were employed Serial t\vo-fold dilutions of serum were made and 
0 1 cc of each dilution was mixed with 0 1 cc volumes of comple- 
ment, antigen and saline After incubation for 60 minutes at 37°C , 
0 2 cc of sensitized cells were added The tubes were again incubated 
in the waterbath for 45 minutes when readmgs were made A com- 
plete set of controls was included in each test 

Acute and convalescent sera obtained from patients mfected with 
Type A virus in 1938-39 and from others shown to have been 
infected in 1940 with Type B virus were tested for their capaaty 
to fix complement in the presence of each antigen Representative 
results are presented in Table I, where the titer of neutralizing anU- 
bodies in each serum against 100 M L D of the 2 types of virus is 
also recorded 

It is seen that the convalescent sera of patients who had suffered 
from epidemic mfiuenza in 1938-39 showed an increase in comple- 
ment-fixing antibodies to the PR8 stram of Influenza A virus but 
not to the Lee stram of Influenza B virus On the other hand, the 
convalescent sera from 4 of the patients suffering from epidemic 


TABLE L 

Complement Fiiahon 17101 Sara of Pabentg and Infloema Ylrna, Tjpet A and B 



Type A (PB8) 
antigen 

TypeB (Lee) 
antigen 

Nentralixabon 

btcr 

Tjto of 
Infecbon 

^ \ 

8emm dilation 1 

Pt Serum 2 4 8 16 32 C 

< * 
Serum dilution 1 

2 4 8 16 32 C 

Type Type 
A B 


V A* 420000 410 0 6 0 

C 4 4 4 4 1 0 4 1 0 0 240-t- 0 

JAIOOO 0300 0 4 6 

C 4310 0 100 0 140 6 

AA 400000 300 0 30 0 

C 444200 100 0 240 6 

LAOOO 0000 0 120 6 

C430 0000 0 480 6 

AoAOOO 0000 0 30 8 

C 4 2 0 0 0 0 0 0 120 16 

000000 17 0 

4 4 3 2 0 0 17 60 

000000 10 12 

4 4 4 3 0 0 16 240 

3 1 0 0 0 0 240+ 6 

4 4 4 4 4 0 240+ 120 

2 1 0 0 0 0 240-i- 0 

4 4 4 4 1 0 240+ 200 

0 0 0 0 240+ 0 

0 0 0 0 240+ 140 

0 — no fixation of complemenL 

1 2 3 4 = increasing degrees of fixation 

acnte, 0 = convalescent 


Influenra 11 A 0 0 0 0 

B C 0 0 0 0 

1940 T A 0 0 0 0 

G 0 0 0 0 

C A 2 1 0 0 

0 3 10 0 


LA 4 4 10 0 

C 4 4 10 0 

S A 0 0 0 0 

0 2 0 0 0 


Infinenza 

A 

1938 1939 
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TABLE L 

Hourly Means of Total "White Blood Cell Counts m Konnal ilale Babhits 


Hoar 

9 00 

9 69 

10 00 
10 59 

11 00 
11 59 

12 00* 
1 59 

2 00 

2 59 

3 00* 

4 59 

912 

ajJL 

125 

pjn 

Counts 

178 

226 

193 

112 

124 

130 

597 

366 

Animals 

80 

103 

115 

73 

64 

46 

190 

136 

Mean 

7709 

7931 

8033 

8061 

7945 

7738 

7891 

7914 


-1-220 

-1-195 

-+-211 

-1-276 

±264 

±255 

±119 

±152 


*The data from 12 noon to 1 59 p m and from 3 00 to 4 59 pjru Tvere com 
bined to give samples more comparable \nth those for the other hourly penods 


No single individual hourly mean differed from any other Such 
variations as occurred could be explained on the basis of random 
sampling There is therefore no evidence of a significant orderly 
variation in the total white blood cells of the rabbit in the hours 
behveen 9am and 5pm 

There is also no evidence in the rabbit that a digestive leukocjdosis 
occurs between the hours of 9 a m and 5 p m , as no statistical!} 
significant change was found in the group permitted free access to 
food and water 

Discussion It has been observed that the louest of repeated 
ivhite blood cell counts in man are obtamed early in the morning 
and the highest late in the afternoon The afternoon level is high 
even when food intake, muscular effort and emotional stress are 
controlled* ^ The controlled studies, however are based on 
12-50 counts made on the same day in the same persons, and the 
possible effect of the repetition cannot be discounted It has been 
pointed out that successive painful punctures cause a successive rise 
m the leukocyte count,‘* and an analysis of the average hourly counts 
in the controlled senes available on healthy individuals"'^^'* reveals a 


SEemert, E, Die Zahlung der Btultorpercfien- uTwi iTirr ScdimUng fir 
Diagnose und Theraplg, F C W "Vogel, Leipng, 1891 

< Eieder, H , Beitrage zur Kennims der Leukocytosis und vervandter Zustande 
des Blutes, F C 'W Vogel, Leiprig, 1892 

E Gregor, K., Arch f Verdauungskranlh , 1898, 3, 387 
« Japha, A*, Jahr f Kinderh , 1900, 62, S42 
1 Japha, A., Deuisch Aertz Zeitung, 1901, 8, 145 

STOrk, "W, Toriesungen fiber khmsche Bdmatoloqie, Vk Btaamnler VienBa, 
1912 


» Mannac, P , aad Cabonat, P , Pans JIM , 1921, II, 407 

10 SabiB, F B , Cunningham, E S , Doan, C A , and Kindwahl, J A., BtiU 
Johns Hopkin* Hosp , 1925, 87, 14. 

11 Shaiv, A. F B , J Path and Bad , 1927, 80, 1 

12 Garrey, Vk E , Proc Staff Meet , Mayo Clin , 1929, 4, 15/ 

13 Smith, C, and MiDovreU, A M , Arch Int Med, 1828. ^3, 68 
W Kenyon, F , and Macy, L G , Human B.ol , 1938, 10, 511 
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1927-1933 inclusive The age range was from 4 to 15 niontlis and 
the average age was 8 months All the animals were caged separately 
The rabbits vere usually alternated from week to week vhen re- 
peated counts were made, so that counts are arailable for different 
times of the day on the same animal In all, 963 counts (an average 
of about 5 per animal) were made, distributed as follows 


178 conofs 

on 

80 rabbits betireen 

p 

and 9 59 am 

220 

t ) 

y y 

103 

yy 

tt 

10 

” 10 59 " 

193 

> > 

} > 

115 

ft 

ti 

11 

" 11 59 ” 

30 

> 7 

y y 

19 

t y 

y y 

12 noon and 12 69 p m 

82 

J 1 

y y 

60 

ft 

1 1 

1 

and 1 59 pm. 

124 

J J 

y y 

64 

It 

yt 

2 

” 2 59 ” 

85 

y y 

y t 

35 

t y 

ti 

3 

” 3 59 ” 

45 

y y 

y y 

17 

yt 

tt 

4 

” 4 59 ” 


In all, 597 determinations on 190 of the 204 rabbits w'ere made 
betiveen 9am and 12 noon, and 366 determinations on 136 of the 
204 rabbits were made between 12 noon and 5pm 

The blood was collected in U S standardized Trenner pipettes 
Acetic acid was employed as a diluent The counts w'ere made in a 
Le\'y-Hausser countmg chamber The counting technic was stand- 
ardized, so that the average coefficient of variation due to technical 
error in a given total white count w'as 9% 

The material w'as analyzed in 2 periods, 1927-1929 inclusive, and 
1930-1933 inclusive In the first period the counts were made before 
the animals had been fed or permitted access to w'ater, and only 
one white cell pipette was filled from each rabbit on a given day In 
this period the material consisted of generally browm-gray hybrids 
purchased from dealers In the second period tlie animals w ere per- 
mitted free access to w^ater and food at all times From 2 to 4 
pipettes w'ere filled at a smgle sitting and the results were averaged 
In this period the material consisted for the most part of animals 
bred in the laboratory and of knowm genetic stock Analysis on this 
basis afforded an opportunity for comparing results in animals of 
unlcnowm h 3 hrid stock without free access to food and water with 
results m animals of known genetic origin which had usually been 
in the laboratory for several generations and which were permitted 
free access to food and water 

Results The mean values of the white blood cell counts for each 
hour of the day between 9am and 5pm are presented in tabular 
form, together wnth the standard error of the mean The variance 
between the means of the hours was not significantly different from 
the vanance within the means The white blood cells averaged 
7,891 for the morning and 7,914 for the afternoon period, a dif 
ference of 23 ± 194 white blood cells (not significant) 
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Thermo-Regulatory Function of Rat Scrotum I Normal 
Development and Effect of Castration * 

Frederick N Andrews t (Introduced b} Fred F McKenzie) 

From iliisovn A^ncuUura} Expenmeni Station and the United States Department 
of ^gncul/arc cooperating 


It has been shoiin tliat the scrotum of certain mammals has a 
thermo-regulator) function/ - and that if the testes are experi- 
mentalh placed n ithin the abdominal cavity the germinal epithelium 
undergoes marked degeneration ’ * In the ram, bull and boar tlie 
scrotum acquires the ability to contract and relax to temperature 
change as the testes begin the production of spermatozoa, and loses 
this abilit} follow ing castration ® Further studies on the ram indi- 
cated that this function was apparentty dependent upon the male 
hormone Although the relations of temperature and contractilit) 
of the rat scrotum ha\e not been investigated, Hamilton® reports 
that the rat scrotum depends upon male hormone for its development 
^d maintenance and Wells’ has demonstrated the dependence of the 
scrotal sac upon male hormone m the ground squirrel 
Procedure The results of studies of the thermo-regulatory 
function of 7 normal and 6 castrate albino rat scrota are presented 
(age 9 weeks to maturity, Table I) Castration w^as performed at 
5 weeks of age through a medial, abdominal incision The con- 
tractility of the scrotum wms measured by passing a thread attached 
to a recording lever through the skin on the ventral surface of the 
Scrotum midway betw een the scrotal tip and the body , the rats w ere 
then anesthetized with nembutal and ether, secure!} fastened to a 
heavy animal board, and submerged, w ith the exception of the head, 
^n a water bath The temperature of the bath was decreased 

^Contribution from the Department of Animal Husbandly, SCssonn Agncnl 
lurat Experiment Station, Journal Senes No 700 

t The author ivishes to express his appreciation to Dr E J Wells of the 
Department of Anntomy, XJniverBity of Minnesota, for hia interest and advice in 
this study 

1 Moore, C B , and Quick, W J , Am J Fhgsiot , 1924, 68, 70 
- Phillips, B W , and McKenne, F T , 21o Agr Exp Sta Ses Bui 217, 1934. 

® GniBths, J , J Anat and Fhvsiol , 1893, 27, 4S2 
■1 Moore, C B , Anat Fee , 1922, 24, 383 

1 PhiUips, B W , and Andrews, F N , Mass Agr Exp Sta Bui 331, 1936 
o Hamilton, J B , Pboc Soc Exp Biol, and Med , 1936, S5, 386 
~ Wells, L J , Pkoc Soc Exp Biol anti Med , 1937, 30, 625 
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steady rise in tlie mean count until the senes were variously discon- 
tinued at 4, 5, 7 and 8pm The total rise for tlie 4 series in ques- 
tion averaged 2,330 it 292 A\hite blood cells (statistically signifi- 
cant) ]\Iost of the studies in which variations and rh}hhms were 
reported are based on an inadequate number of instances, and no 
statistical consideration of possible technical variations seems to 
have been undertaken 

The study herewith reported seems free from these disadvantages 
The animal material was accustomed to existence in the laboratory 
and most of it was also accustomed to the taking of blood for exam- 
ination These circumstances perhaps lessened variations which 
might have been caused by bringing in animals to lead an unac- 
customed laboratorj' existence and making the blood counts while 
the}" were in a state of digestive, environmental and emotional dis- 
turbance In addition, only one count was made on a given animal 
durmg any given 3-day period The data therefore seemed to rule 
out a possible diurnal variation m the total leukoc}’te count of the 
rabbit under controlled laborator}" conditions 

When the material was examined with the idea of determimng a 
possible bias for certain breeds counted at certain hours of the day, 
it was found that the breeds had been so varied that no bias of this 
kmd was evident 

Swumary and Conclusions Nine hundred sixty-three total 
white blood cell counts made on 204 normal and apparently healthy 
young adult male rabbits between 9am and 5pm revealed no 
statistically significant variation in the hourly means The blood 
cell level, apart from sampling variations, was the same for each 
hour of the dav There ivas also no evidence of a digestive leuko- 
C}tosis in the rabbit 

The mean v"alue for 597 leukocyte counts on 190 of the 204 rab- 
bits beh\een 9am and 12 noon was 7,891, as compared with 7,914 
for 366 counts on 136 of the 204 rabbits between 12 noon and 5pm 
The difference (23 ± 194) was not significant 

These studies are significant for several reasons The investiga- 
tion covered a wude variety of breeds and hybrids The animals 
were accustomed to laborator}' existence and hemocytologic technic 
before the coimts w'ere made Feedmg conditions were varied 
during the study Only one examination was made on a given 
anund on a given day, and usually not more than one or tivo counts 
were made on each anunal per week Finally, the material was 
analyzed by acceptable biometric procedures and represents by far 
the most extensive study of the sort which has been made 



ou/ 


11864 

Thermo-Regulatory Function of Rat Scrotum I Normal 
Development and Effect of Castration * 

Frederick N Andrews T (Introduced by Fred F McKenzie ) 

From Missouri Agricultural Experiment Station and the United States Department 
of Agriculture cooperating 

It has been shoi\n that the scrotum of certam mammals has a 
thermo-regulatory function/ " and that if the testes are experi- 
mentally placed within tlie abdominal cavity the germinal epithelium 
undergoes marked degeneration ® * In the ram, bull and boar the 
scrotum acquires the ability to contract and relax to temperature 
change as the testes begin tlie production of spermatozoa, and loses 
this ability following castration * Further studies on the ram indi- 
cated that this function was apparently dependent upon the male 
hormone Although the relations of temperature and contractility 
of the rat scrotum have not been investigated, Hamilton* reports 
that the rat scrotum depends upon male hormone for its development 
and maintenance and Wells^ has demonstrated the dependence of the 
scrotal sac upon male hormone m the ground squirrel 

Procedure The results of studies of the thermo-regulatorj" 
function of 7 normal and 6 castrate albmo rat scrota are presented 
(age 9 weeks to maturity, Table I) Castration was performed at 
5 weeks of age through a medial, abdominal incision The con- 
tractility of the scrotum was measured by passing a thread attached 
to a recording lever through the skin on the ventral surface of the 
scrotum midway between the scrotal tip and the body , the rats w^ere 
then anesthetized wutli nembutal and ether, securely fastened to a 
heavy animal board, and submerged, w ith the exception of the head, 
in a w'ater bath Tlie temperature of the bath w'as decreased 

'Contribution from the Department of Animal Husbandry, Missouri Agncul 
tural Experiment Station, Journal Senes No 700 

t The author Tnshes to express his appreciation to Dr L J Wells of the 
Department of Anatomy, Hmversitr of Minnesota, for his interest and advice in 
this study 

1 Moore, C E , and Quick, W J , Am J Physiol , 1924, 68, 70 

2 Phillips, E W , and McKenne, P P , Mo Agr Exp Sta Ees Bui 217, 1934. 

s GnfBths, J , J Anal and Physwl , 1893, 27, 482 

I Moore, C E , Anal Ecc , 1922, 21, 383 

’’ Phillips, E W , and Andreivs, P N , Mass Agr Exp Sta Bui 331, 1936 

® Hamilton, J B , Pboc Soc Exp Biol and Mm , 1936, 35, 386 

1 Wells, L J, Peoc Soc Exp Biol avp Med, 1937, 30, 625 
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RECORDED 130PM 

Fia 1 

Tracings of kymograph records shomng the effect of temperature change on 
the contraebbty of the rat scrotnm The tune is recorded at tiro minute intervals 
on the base line N = Normal C = Castrate 
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TABLE I 

I)c\c)o]imcnt of Testis and Scrotal Sac in Normal Kata end of “'cotal Sac in Eats 

Castrated at 5 Weeks 


Eat 

No 

Bodr irt at 
Age aufopsv 
(irks) g 

Testicular wt, 
g 

Stage of 

51 ennatugenesLB 

Combined ivt 
left and right 
scrotal sacs, 
g 

Left 

Bight 

IN 

7 

112 

0 58 

0 58 

Sperm heads in some tubule: 

1 0 24 

2N 

8 

141 

0 76 

0 72 

ff t f ft ft ft 

0 27 

SX 

9 

16(1 

0 90 

0 91 

Abundant sperm 

0 37 

4N 

10 

191 

1 10 

1 17 

Scattered ’ ’ 

0 28 

oX 

11 

220 

L21 

L37 

Abundant ’ ’ 

0 43 

eN 

12 

226 

L40 

1 43 

> » ft 

0 42 

7N 

14 

249 

127 

1 20 

ft t* 

0 46 

8C 

6 

96 




0 11 

9C 

8 

128 




0 07 

IOC 

10 

184 




Oil 

lie 

12 

220 




0 10 

12C 

15 

227 




018 

13C 

Mature 

230 




— 


N = Normal. C = Castrate 


from 38° C to 20° C at the rate of about 1°C per irunute and then 
raised to 38 °C at the same rate The scrotal movements were thus 
recorded on a kj^nograph The rats were sacrificed immediately 
upon the completion of the kj-mograph records The testes of the 
normal rats were remo^ ed, %v eighed fresh and fixed in Bourn’s fluid, 
and the scrotal sacs (composed of the peritoneum, internal spermatic 
fascia cremasteric skeletal muscle and external spermatic fascia’) 
u ere cut at the inguinal ring, weighed fresh, and fixed 

Pc suits Representative tracings of kjmograph records showing 
the relation of temperature to scrotal contractiht) are showm in 
Fig 1 The rapid testicular development initiated about the 9th 
week w'as followed b) the ability of the normal rat scrotum to 
respond readilj to temperature change This ability did not de^ elop 
in those rats castrated at 5 weeks of age The presence of the testes 
111 tlie scrotum is not essential as demonstrated b> the fact that the 
full} developed scrotum of rat 13 responded readil} although cas- 
tration had been performed a few hours earlier Testicular weights 
and changes, and scrotal sac w eights are presented m Table I The 
gradual loss of the thermo-regulator} function of the mature rat 
scrotum follow mg castration, and the effects of ci^-ptorchidism and 
male hormone upon scrotal contractiht} are now being studied m 
the hope that they may not onl} be of value m imderstandmg the 
scrotal mechanism but of assistance m physiological assa^s of the 
male hormones 
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Gross-Excitation Between Manvmalian Medullated Nerve Fibers 
After Treatment with Veratrine 

T P FlngandT H Li 

From the Department of Physiology, Peiping Union Medical College, Peiping 

Dun and Feng' have demonstrated with amphibian preparations 
that contrary to general belief nerve fibers, but more particularly 
motor nerve endings after treatment with veratrine, give prolonged 
repetitive discharges to a single stimulus We have extended their 
work and found that mammalian motor nerve endings after vera- 
trmization likewise show prolonged repetitive discharges which 
can be readily recorded from the ventral root We have furthermore 
ascertained that in a cat w hich has received an intravenous injection 
of a suitable amount of veratrine, such as 2 cc of 0 1 % solution, the 
nerve fibers in the nerve trunk can also show prolonged repetitive 
firing In the course of our work we had occasion to make various 
control tests, some of which dealt with possibilities which at first 
seemed very remote One of the tests consisted of stimulating one 
ventral root bundle and leading off from another ventral root bundle 
of the same segment and side, both bundles being sectioned centrally 
at their exit from the cord In a normal cat, in view of Blair and 
Erlanger's work,* one would naturally expect to lead off nothing 
but stimulus artifact in this way, but in a veratrinized animal one 
could not be so sure In fact we have found that in a veratrinized 
cat in which the motor nerve endings and the nerve fibers 
in the sciatic nerve trunk were giving prolonged abundant 
after-discharges, some discharges could generally be led off from 
one ventral root when another ventral root was stimulated with a 
single shock Such discharges have characteristic long and rather 
irregular delays in their onset, their shortest latency being about 
4 msec and the longest exceeding 30 msec This long latency, in 
addition to other reasons, excludes the possibility that the dis- 
charges might be due to the escape of the stimulating current from 
one root to the other, and there is left onlj"^ one reasonable inter- 
pretation that they result from cross-excitation between nerve 
fibers The phenomenon appears not so strange, if one recalls that 
cross-excitation between amphibian medullated nerve fibers in the 
sciatic nerve trunk after treatment with hypertonic solutions has 

1 Dun, F T , and Fcag, T P , Chinese J Physiol , 1940, 15, 405 

-Blair, E H, and Erinnger, J, elm J Physiol, 1932, 101, 659 
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been shown by Kwassow and Naumenko ’ The work of Jasper and 
Monmer* on the transmission of excitation between excised non- 
myelinated nerves may also be recalled here, and it is mterestmg to 
note that the transmission in this case is likewise attended by a long 
delay For excitability changes m neri'e fibers produced by im- 
pulses in adjacent nerse fibers see Otam® and Katz and Schmitt ® It 
IS significant that in all cases so far known m which actual cross- 
excitation between nen^e fibers takes place, the nerve fibers have a 
tendency to enter into rhjThmical activity This is true of the 
preparations used by Kwassow' and Naumenko and by Jasper and 
Monnier, and it is also the case with our veratrimzed mammalian 
nerve An adequate discussion of the subject, how^ever, can only 
be attempted later in the detailed report 
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Effect of Foster-Nursing upon Inborn Resistance of Mice to 
St Loms Encephalitis 

F Howell Wright (Introduced b> Leslie T Webster ) 

From the Laboratories of the Foci cfeller Institute for Medical Eesearch, New 

Tori 

Previous studies from this laboratorj" have demonstrated that 
certain factors which regulate the resistance of mice to mfectious 
disease are inherited ^ Bittner's recent work, how ever, on the m- 
fluence of mothers’ milk on the susceptibility of mice to cancer indi- 
cates that the same sort of foster-feeding test should be applied to 
the problem of susceptibility to infection ® 

Litters inherently susceptible to St Louis encephalitis were placed 
with mothers of resistant litters and vice versa within 24 hours of 
birth As controls, susceptible litters were likewise interchanged 
among susceptible mothers and resistant litters among resistant 
mothers respectively Foster-nursing w-as continued 3 w'eeks and 
then each mouse of each litter was inoculated intranasally wnth 0 03 
cc of a 1 10 or 1 100 suspension of mouse-brain St Louis encepha- 

s Kwassow, D G, and Naumenko A I, Pflugcri’ Arch , 1936, 287, 576 

^ Jasper, H H., and Mourner, A M,J cell comp Phiisiol 1938, 11, 259 

= Otanl, T , Japanese J Med Sciences Biophysics, 1937, 4, 355 

0 Katz, B , and Schmitt, 0 IL, J Physiol , 1940, 07, 471 

1 Webster, L. T , J Exp Med , 1937, 05, 261 

- Bittner, J J , Am. J Cancer, 1940, 39, 104 
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litis virus Further controls from litters nursed by their own 
mothers were hkewise moculated 

The results of the tests are shown in Fig 1 Of 104 susceptible 
young mice nursed by their own mothers, 90% succumbed 
between the 5th and 7th days and 96 2% by the end of the 3-week 
period of observation (Fig 1-A) Foster-nursing of 65 susceptibles 
"Pec cent 



Period of survival of control and foster nursed mice of the virus resistant and 


virus susceptible strains 
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by resistant foster mothers gave almost identical results (Fig 1-B) 
Of 148 resistant young mice nursed by their own mothers, approx- 
imately 54% succumbed (Fig 1-C), a figure which is higher than 
that previously reported and due, m all probability, to the discon- 
tinuance of selective breeding for 3 years In contrast to the sus- 
ceptible mice, the resistants rarely died before the 9th day, at which 
time nearly all the susceptibles were dead, and most frequently on or 
about the 11th day Foster-nursing of 53 resistant young by sus- 
ceptible mothers again produced no change m the amount or dis- 
tribution of deaths (Fig 1-D) 

Summary In strains of mice selectively bred for resistance or 
susceptibility to St Louis encephalitis virus, foster-nursing exerted 
no effect upon the course of disease or mortality-rate following nasal 
instillation of virus 
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Secretion of Inulin by the Kidney of the Crayfish * 

N S Rustum Maluf (Introduced by E C Faust) 

From the Department of Zoology, The Johns Eoplans Umversily, Baltimore, and 
the Department of Tropical Medicine, The Tvlane University, New Orleans 


Cumulative evidence indicates that inulin is not secreted by nor 
passively reabsorbed through the vertebrate nephric tubule (Smith') 
In vertebrates, the inulm-clearance, therefore, is independent of the 
concentration of muhn m the plasma and is used as a measure of 
the rate of glomerular filtration 

In an attempt to find whether filtration occurs through the nephron 
of the crayfish by the use of muhn, the writer obtained most unex- 
pected results as regards the inulin-clearance This is the first in- 
vertebrate kidney which has been studied from the standpoint of 
"clearances” Inulin was measured by a micro-adaptation of the 
Shaffer-Hartmann-Somogyi method 

Nowhere m the crayfish nephron* is there a tenuous syncytium 
such as constitutes the glomerular capsule of the vertebrate nephron 

* Tills work was performed largelj during the tenure of a Johnston Research 
Scholarship at The Johns Hopkins University The measurements of innlin 
clearance ucre completed in the Department of Tropical lledicine, Tnlanc Uni 
versity ’ 

1 Smith, H. W , The Physiology of the Kidney, New York, Oxford University 
Press, 1937 

- Malnf, N 8 B , Zool Jb , AM f allg 7ool it Physiol d Tiere, 1939, 59, 615 
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The renal arterioles open freely into the cavernous haemocoele which 
follows the numerous involutions of the renal epithelium The 
kidneys of the crayfish consist of a pair of relatively large nephrons, 
each of which ends blindly in a highly lobulated coelomosac 

Contrarj to the condition in the vertebrate aglomerular kidney, 
muhn, xylose, and glucose appear in the urine of the crayfish after 
being injected into the blood stream This, however, is not proof 
of filtration because the mulin-clearance is not independent of the 
concentration of inulin in the plasma The inulin-clearance plasma- 
inulm curve (Fig 1), which resembles an adsorption isotherm, 
shows that inulin is outwardly secreted This is further indicated 
by the fact that the shape of the curve m Fig 1 is determined prac- 
tically entirely by the urine /plasma ratio for inulin (Fig 2) 

The sudden decline in the inulm-clearance uith augmentation of 
the plasma-inulin (Fig 1) indicates that inulm is not appreciably 
filtered Filtration, therefore, apparently does not occur through 
the crayfish nephron 

Since the labj'rinthal portion of the crayfish nephron is the only 
tissue of the body which is capable of accumulating and outwardly 
secreting a number of dyes (cj'anol, phenol red, indigo disulfonate, 
acid and basic fuchsm),’ it seems probable that inuhn, xylose, and 



Fio 1 

The mului-clearniice (ordinate) m cc per hour as a function of the 
innlin concentration (abscissa) Each point stands for a single separate craynsn. 

PiO 2 

The unne/plasma ratio for inulin (ordinate) as a function of the pl^a 
inulin concentration (abscissa) Each point stands for a single separate crayns , 
the same individuals as in Fig 1 

3 Unpublished data 



Control of Trichomoniasis in Turrets 


875 


glucose are outivardly secreted b> the lab}Tinth In contrast to the 
condition in the aglomemlar nephron of vertebrates, cyanol, a blue 
anilin dye, is outwardly and rapidly secreted by the crayfish kidney 
even when present in low concentrations in the plasma Evidently 
the labjTinth has varied secreting capacities 

The maintenance of an internal aqueous and saline steady state, 
in spite of a constant inward diffusion of water, is known to be 
due to the unvarying capacity of the crayfish nephron to eliminate 
urine that is markedly hypotonic to the blood Since filtration ap- 
parently does not occur through this nephron, the hypotomcity cannot 
be explained by a reabsorption of salts but, like the aglomerular 
teleost kidney is evidently due to a secretion of water 

The above facts permit the following conclusions u ith regard to 
the physiology of the nephron of the crayfish 1 Inulin is secreted 

2 Filtration is evidently not an appreciable factor in urme-formation 

3 The manufacture of a hypotonic urine must be due to a secretion 
of water 
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Treatment of Cecal and Liver Tnchomomasis in Turkeys 
by Fever Therapy 

Marlow W Olsen and Ena A Allen (Introduced by R M 

Fraps ) 

From the Bureau of Autmal Industry, U S Department of Agriculture, BeUsville 
Ecsearch Center, BHtsvdle, 2Id 

Since 1937 experimental work has been m progress on the use of 
fever therapy for the cure of cecal and h\er trichomoniasis m turkeys, 
a widespread disease of domestic fowls caused by the protozoan 
parasite. Trichomonas gallmantm This organism invades the tis- 
sues of the lower digestive tract of birds and m chronic infection 
produces lesions m tlie ceca and liver These lesions closely resemble, 
and undoubtedly have been often confused with, those produced by 
Histomonas mclcagridis in tlie disease commonly known as black- 
head Birds with dironic trichomoniasis are droopy in appearance, 
refuse to eat, and lose weight The droppings become quite liquid and 
light yellow' in color Young birds usually die 4 to 8 da 3 's after ex- 
hibiting the first sjTnptoms of the disease, altliough m mature birds 
the period betiveen the first sj'mptoms and death ma> be much longer 
Most of the turkeys used in this prehminarj study were naturally 
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The renal arterioles open freel}' into the cavernous haemocoele which 
follows the numerous involutions of the renal epithelium The 
kidneys of the crayfish consist of a pair of relatively large nephrons, 
eacli of which ends blindly in a highly lobulated coelomosac 

Contrary to the condition in the vertebrate aglonierular kndnej', 
inulin, xylose, and glucose appear in the urine of the crayfish after 
being injected into the blood stream This, however, is not proof 
of filtration because the inulin-clearance is not independent of the 
concentration of inulm in the plasma The inulm-clearance plasma- 
inulin curve (Fig 1), which resembles an adsorption isotherm, 
shows that inuhn is outivardly secreted This is further indicated 
by the fact that the shape of tlie curve in Fig 1 is determined prac- 
tically entirely by the urine /plasma ratio for inuhn (Fig 2) 

The sudden decline in tlie inulin-clearance with augmentation of 
the plasma-inulin (Fig 1) indicates that inulin is not appreciably 
filtered Filtration, therefore, apparently does not occur through 
the crayfish nephron 

Since the labyrmthal portion of the crayfish nephron is the only 
tissue of the body which is capable of accumulating and outwardly 
secreting a number of dyes (cyanol, phenol red, mdigo disulfonate, 
acid and basic fuchsin),® it seems probable that inuhn, xylose, and 
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The malm clearance (ordmate) m cc per hour as o fnnction of the pl^M 
malm concentration (abscisaa) Bac^pjiint stands for a smgle separate crajfi 

The nrme/plasma ratio for inulm (ordinate) as a fmcHon of 
mttoi concen^tion (abscissa) Each point stands for a single separate crayfi , 
the same individuals as m t 


3 Unpublished data 
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glucose are outwardly secreted by the labyrinth In contrast to the 
condition in the aglomerular nephron of vertebrates, cyanol, a blue 
anilin dye, is outwardly and rapidly secreted by the crajdish kidney 
even when present in low concentrations in the plasma Evidently 
the labjnnth has varied secreting capacities 
The maintenance of an internal aqueous and saline steady state, 
in spite of a constant inward diffusion of water, is known to be 
due to the unrarying capacity of the crajdish nephron to eliminate 
urine that is markedly hypotonic to the blood Since filtration ap- 
parentl}' does not occur through this nephron, the hypotonicity cannot 
be explained by a reabsorption of salts but, like the aglomerular 
teleost kidney, is evidently due to a secretion of water 

The above facts permit the following conclusions with regard to 
the physiology of the nephron of the crajdish 1 Inulm is secreted 

2 Filtration is evidently not an appreciable factor m urine-formation 

3 The manufacture of a hypotonic urine must be due to a secretion 
of Mater 
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Treatment of Cecal and Liver Trichomoniasis in Turkeys 
by Fever Therapy 

Marlow W Olsen and Ena A Allen (Introduced by R. M 

Fraps ) 

-From the Bureau of Animal Industryf V S Department of Af/neulturCf BelteviUe 
Research Center, BettsiiRe, Md 


Since 1937, experimental work has been m progress on the use of 
fever therapy for the cure of cecal and luer trichomoniasis in turkeys, 
a Midespread disease of domestic fowls caused by the protozoan 
parasite, Tnchovtonas gallinariim This organism invades the tis- 
sues of the lower digestive tract of birds and in chronic infection 
produces lesions in the ceca and Iner These lesions closely resemble, 
and undoubtedly have been often confused with, those produced by 
Htstomonas meleagridis in the disease commonly known as black- 
head Birds with chronic trichomoniasis are droopy in appearance, 
refuse to eat, and lose weight The droppings become quite liquid and 
light yellow m color Young birds usually' die 4 to 8 day’s after ex- 
hibiting the first symptoms of the disease, although in mature birds 
the period betw een the first symptoms and death may be much longer 
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infected and ranged from 3 to 18 months m age At the beginning 
of the work the disease was diagnosed by the external symptoms noted 
above, and by microscopic examination of the cecal discharges 

Recently it has been found that by making an mcision into the 
abdominal cavity, and with the aid of a strong light, it is possible 
to observe the liver and ceca directly for lesions The direct ob- 
servation of lesions and identification of tnchomonads in cecal 
droppings have made certain the elimination from treatment of birds 
exhibiting external sjmptoms similar to those of trichomoniasis but 
actually due to other causes 

Birds undergoing treatment were placed in a thermostatically 
controlled cabinet for periods ranging from 1 to 2 hours The in- 
ternal body temperature of the bird was raised from 2 to 6 degrees 
above the normal of 106 5°F by maintaining an air temperature 
within the cabinet of approximately 104°F, and a relative humidity of 
60 to 70% The duration of treatment depended upon the ph3"sical 
condition of each bird and its ability' to withstand the increased 
temperature Usually three treatments at intervals of every other 
day were sufficient to check the disease, although as many as 6 treat- 
ments were necessary m a few more advanced cases After treat- 
ment the birds were placed in wire-bottomed cages at room tempera- 
ture 

Heat treatment was administered to 19 turkeys in which tricho- 
moniasis was diagnosed by external symptoms and microscopic ex- 
amination and to 5 turkejs in which liver and cecal lesions w'ere 
directlv observed Twenty of these 24 treated birds recovered while 
4 failed to respond to treatment Those birds which recovered usualty 
showed signs of improvement after the second or third treatments, 
began to eat voluntarily gained in weight and behaved like normal, 
active birds Four adult turkeys w'ere killed at different stages of 
recovery following treatment and postmortem examination dis- 
closed that many of the liver lesions had almost disappeared and all 
others were in process of healing Cultures made from the necrotic 
areas of these livers were completely negative for tnchomonads 
Of the 4 birds which failed to respond to the treatment, 2 died 
during or shortly after being given the first treatment 

Nine turkeys with trichomoniasis were kept in cages similar to 
and fed rations identical w'lth, those of the treated birds Seven of 
these died as a result of the disease and tnchomonads w'ere cultured 
from their livers and ceca, w'hile the remaining 2 birds recovered 
These results indicate that turkeys having tricliomoniasis of the 
lower digestive tract can be effectively treated with fever therapy 
Work IS being earned out with expenmentally inoculated birds 
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infected and ranged from 3 to 18 months m age At the beginning 
of the work the disease was diagnosed by the external symptoms noted 
above, and by microscopic examination of the cecal discharges 

Recently it has been found that by making an incision into the 
abdominal cavity, and with the aid of a strong light, it is possible 
to observe the liver and ceca directly for lesions The direct ob- 
servation of lesions and identification of trichomonads in cecal 
droppings have made certain the elimination from treatment of birds 
exhibiting external s}Tnptoms similar to those of trichomoniasis buf 
actually due to other causes 

Birds undergoing treatment were placed in a thermostatically 
controlled cabinet for periods ranging from 1 to 2 hours The in- 
ternal body temperature of the bird was raised from 2 to 6 degrees 
above the normal of 106 5 °F b}' maintaining an air temperature 
within the cabinet of approximately 104°F, and a relative humidity of 
60 to 70% The duration of treatment depended upon the phjsical 
condition of each bird and its ability to withstand the increased 
temperature Usually three treatments at intervals of every other 
day were sufficient to check the disease, although as many as 6 treat- 
ments were necessary m a few more advanced cases After treat- 
ment the birds were placed in wire-bottomed cages at room tempera- 
ture 

Heat treatment was administered to 19 turkeys m which tricho- 
moniasis was diagnosed by external symptoms and microscopic ex 
amination and to 5 turke)s in which liver and cecal lesions were 
directlv observed Twenty of these 24 treated birds recovered while 
4 failed to respond to treatment Those birds which recovered usually 
showed signs of improvement after the second or third treatments, 
began to eat voluntarily gamed m weight and behaved like normal 
active birds Four adult turkeys were killed at different stages of 
recovery following treatment, and postmortem examination dis- 
closed that many of the liver lesions had almost disappeared and all 
others were in process of healing Cultures made from the necrotic 
areas of these livers were completely negative for trichomonads 
Of the 4 birds which failed to respond to the treatment, 2 died 
during or shortly after being given the first treatment 

Nine turkeys with trichomoniasis were kept in cages similar to 
and fed rations identical with those of the treated birds Seven of 
these died as a result of the disease and trichomonads u ere cultured 
from their livers and ceca, while the remaining 2 birds recovered 
These results indicate that turke}'s having trichomoniasis of the 
lower digestive tract can be effectively treated with fever therapy 
Work IS being earned out u ith experimentally inoculated birds 
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Relief of Hypochromic Anemia in Dogs with Synthetic Vitamin 
B, Influence of “Filtrate Factors ”• 

Harry J Borsoa and Stacy R Mettier (With the technical 
assistance of Miss Alice McBride ) 

From the of ifcdicine and Pathology, University of California Medical 

School, San Francisco 

Fouts, Helmer, Lepkovski and Jukes' maintained dogs on a sjti- 
thetic diet supplemented with all the known members of the vitamin 
B complex except Ba (Factor 1, rat, anti-dermatitis vitamin), and 

* Aided by a grant from the Christine Breon Fund for Medical Research 
1 Fouts, P J , Helmer, O M , Lepkovskv, S , and Jukes, T H , J Kvintwii, 
1038, 10 , 197 
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Synthetic Bo in Hypochromic Anemia, 


produced severe hypochromic microcytic anemia which was rapidly 
relieved with a rice-bran eluate rich m B, They later* reproduced 
the result with crystallme B« isolated from natural sources ’ In the 
present report it is shown that synthetic Bo (2-methyl, 3-hydroxy, 4,5- 
di- [hydroxy-methyl] pyridine)! will replace the natural material in 
the relief of this anemia 

Adult mongrel male dogs varying in weight from 7 5 to 21 kg 
were mamtamed on a purified diet of the following composition 
casein (extracted for a week with acidulated water) 37%, sucrose 
34 8%, cotton-seed oil 12%, lard 9%, cod-hver oil 3%, bone ash 
2 4%, and salt mixture (Cowgill) 1 8% The original salt mixture 
was modified by doubling the amount of ferric citrate Supplements 
of I'arious members of the vitamin B complex were given (per kg per 
day) as follows tlnamin chloride 50 Mg, riboflavint 50 Mg, nicotimc 
aad! 1 mg, hver extract§ 0 06 ml The liver extract was prepared 
from a crude hver concentrate by repeated treatment with fuller’s 
earth to remove the adsorbable components It was shown by rat 
assay to be rich in Factor 2 (rat growth factor) but practically free 
of Bj Diet and water were given ad lib 

Four dogs. Nos 74, 164, 165, and 188, mamtamed on this regime 
for from 120 to 135 days, developed hypochromic microcytic anemia 
with red blood cell counts of 5 78, 5 10, 4 95, and 4 91 million, 
hemoglobins of 6 3, 7 5, 7 2, and 5 9 g, mean corpuscular volumes 
of 51, 47, 49 5 and 45 8 cubic micra respectively When tlie diet was 
started the red counts w'ere 6 71,6 87, 6 43, and 6 44 million , hemo- 
globms were 15 6, 14 7, 15 3, and 14 4 g, M C V were 64, 72, 75, 
and 64 cubic micra Dog 74 was then given natural Bo (obtained 
from Dr Samuel Lepkovsky) m doses of 60 Mg ^ 

slight reticulocj^osis occurred (4% on the fifth day) and on the 
thirtieth day the red count was 7 0 million and the hemoglobin 1 1 6g 
Dog 164 was given syntlietic Be m doses of 60 Mg Pcr kg per day 
The reticulocytes increased on tlie second day and reached a peak of 
6 8% m 6 days In 14 days the red count had risen to 5 5 million, the 
hemoglobm to 10 2 g, and the M C V to 61 8 cubic mi^a On the 
thirty-fifth da}^ the red count was 6 19 million, hemog o m 1 6 g 
andMCV 663 cubic micra Dog 165 was given 60 Mg of synthetic 


t Supplied by Dr D F Robertson, Merck and Co, 

P j, Hetaer, 0 M, and Lcpkoisky, S, Pkoc Soo Exp Biol, and 


Med, 1939,40, 4 

SLepkoTsky, S , J Siol Chem , 1938, ISM, 1-® 
t Snppbed by the Galen Co , Berkeley, Calif 
J Made and assayed by the Galen Co , Berkeley, 
EmeryyiUe, CaUf 


Cabf, and the Vltab Corp , 
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Bb per kg per day After a slight increase m reticulocytes to 4 6% , 
the red count and hemoglobin increased by the fourteenth day to 5 78 
million and 9 5 g respectively The M C V was 60 5 cubic micra 
On the thirty-fifth day the red count was 6 24 million, hemoglobin 
11 4 g and M C V 61 3 cubic micra Dog 188 was given 60 Mg 
synthetic Bo per kg per day and m 14 days the red count was 6 1 mil- 
lion and the hemoglobm 9 5 g 

A control animal was maintained on the same regime with the 
addition of vitamin Bo, first m the form of a rice-bran eluate§ (free 
of the “filtrate factors”) and later as synthetic Bo m the amount of 
60 Mg per kg per day He did not develop hypochromic anemia, but 
after several months he developed very mild normochromic normo- 
cytic anemia This was found to be the result of a mild deficiency of 
the liver extract supplying the non-adsorbable “filtrate factors ” Two 
animals maintained on the diet without addition of the filtrate but 
with 60 Mg per kg per day of Bo developed moderate anemia of the 
normochromic normocytic tj'pe 

At the start of the experiment the requirement of the dog for the 
non-adsorbable factors other than nicotinic acid was not known and 
we later found that the amounts given w'ere insufficient This prevent- 
ed the complete relief of the hypochromic anemia by the administra- 
tion of Ba, as the following data show Dog 74, as noted above, re- 
sponded rapidly to crystalline Bo After the thirty-first day of treat- 
ment, however the hemoglobin failed to rise further and during the 
next 14 weeks it remained at about the same level, fluctuating between 
10 7 and 1 1 6 g The red count slowly dropped from 7 0 to 5 4 
million Substitution of synthetic for natural Bo m both the same 
and double dosage had no effect Addition of rice-bran eluate (con- 
taining onH adsorbablc factors) and increase of riboflavin had no 
effect ^^'he^ finallj the liver filtrate le\el was tripled, the hemo- 
globm rose within 28 dai s to 13 9 g, the red count to 6 28 million and 
the M C V from 51 5 to 73 An adequate supply of a factor (or 
factors) present in the filtrate after exhaustive adsorption v ith 
fuller’s earth is apparent!} necessary for complete relief of the anemia 
resulting from deficienci of Bo This interrelationship is being fur- 
ther investigated The filtrate used is known to be a rich source of 
the chick anti-dermatitis factor and the rat growth vitamin, but it 
cannot be said that the factor required by the dog is identical with 
either of these 

In addition to the anemia, the dogs deficient m Bo presented other 
manifestations All except one lost weight and all exhibited marked 
listlessness and asthenia The lassitude was not entirely the result 
of the anemia since it improved remarkably after only a few dai s 
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of treatment with Bo before tlie hemoglobin had appreciably in- 
creased 

Couchiswiis Synthetic vitamin Bo relieves the hj'pochromic mi- 
crocytic anemia produced in dogs deficient in this factor An ade- 
quate supply of the non-adsorbable fraction of tlie ^ itamin B complex 
IS necessary for the complete disappearance of this anemia 


11222 P 

Response of Hypophysectomized Rats to Hi^ly Purified 
Extracts of Pregnant Mare Serum 


R. I PENCHAR2, H H Cole and H Goss 

From the Endocnne Laboratory^ Department of Obstetrics and Gynecology, 
University of Caiifomia Medical School, San Franasco, and the Division of 4nin\al 
Etusbandn/, University of Cahfomia, Davis 


Goss and Cole' have shown that extracts of mare serum can be 
prepared testing 4000 to 7000 R U per mg total solids (40,000 to 
70,000 RU per mg nitrogen) The question arises regarding the 
nature of the hormone present in these extracts as compared to that 
in untreated mare serum Evans, et al and Helibaum’ have reported 
that more than one gonadotropic hormone is present m mare serum 
though these reports have not been confirmed In the first mentioned 
paper the male rats show mg only a Ley dig tissue response \\ ere pos- 
sibly sacrificed too soon to expect an effect upon the seminiferous 
epithelium Further, had the time of autopsy of the females been 
delayed beyond 72 hours corpora Jutea might have been encountered 
following the treatment with so-called FSH fractions The extracts 
prepared by these authors were relatively crude preparations We 
^^e^e interested, therefore, in determining whether or not highly 
purified materials nould give similar evidence of fractionation of 
o-onadotropic hormones A fraction giving pure follicular stimula- 
Tion m the female w ith little or no effect on the interstitial tissue of the 
male would give evidence of a purified follicle stimulating hormone 
whereas a converse relationship would indicate the presence of a 

luteinizing hormone m,, i <; lo ? f * j 

Experimental Two ex-tracts were used one. No I5-I9-2 t ested 
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TABLE L 

Bcsnltg on Males Injected with 20 R P of No 15 19 2 Daily for 20 Days 

Autopsy 

Hypophysectomlzed Treatment f ^ 

^ ^ f ^ Seminal 

Age in B W Age in Daily dose, Age in Testes vesicles Prostate 
Rat days (g) days rat units days (mg) (mg) (mg) 


QC953 C 

40 

112 

75 20 

90 

GOO 

440 

418 

W0952 C 

40 

118 

75 20 

90 

081 

433 

412 

BHG941 C 

40 

114 

75 20 

9G 

697 

397 

351 

BC950 C 

40 

112 

None, hyp’d control 
Unlnjected 

9G 

240 

9 

25 

B G92G 0 

Normal 123 
unopernted 

0 

40 

1250 

20 

90 


35,000 and the other, No 17-76-4, 40,000 R U per mg nitrogen * 
Four to 6 female rats, hj'jiophysectomizcd on the 23rd day of age, 
were used at a given level for each extract The mtrapentoneal ad- 
ministration of a total of 30 R U over a 3-day period beginning on 
the 30th day of age produced ovaries averaging 116 mg for No 
15-19-2 and 127 mg for No 17-76^, on the 5th day after the initial 
injection Sixty rat units produced ovaries weighing 122 mg and 
101 mg, respectively Estrous smears were encountered in all test 
animals The macroscopic observation of many ripe follicles with 
some corpora lutea was confirmed microscopically 

The extracts w ere also tested in hypophysectomlzed male rats The 
results on one extract, No 15-19-2, arc shown in Table I There 
was a strong interstitial cell response as is indicated by the response 
of the accessory organs Two rats treated similarly with No 17-76-4 
gave like results 

Thus It IS seen that these extracts containing much less inert 
material than any previously reported for mare serum give a good 
follicular response in the hypophysectomlzed female and a strong in- 
terstitial cell response in the hypophysectomlzed male In other words, 
in spite of the high degree of purification attained in the present 
extracts, no evidence was secured to support the view that mare 
scrum contains 2 distinct hormones, one specifically affecting the 
interstitial tissue of the ovary and the Leydig tissue of the testis, and 
a second causing follicular growth in the female and germinal tissue 
development m the male 

• The potency of the extracts was determined in normal immature rats accordinR 
to tlio method of Cole, Guilbcrt and Gobs 

Colo, n IT , Guilhert, IT R , and Go«i3, H , ftni 1 Phijsiol , 1032, 102, 227 
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of treatment ivjth Bd before tlie hemoglobin had appreciably in- 
creased 

Conclusions Synthetic vitamin Bo relieves the h}’pochromic mi- 
crocytic anemia produced in dogs deficient m this factor An ade- 
quate supply of the non-adsorbable fraction of the vitamin B complex 
IS necessary for the complete disappearance of this anemia 
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Response of Hypophysectomized Rats to Highly Purified 
Extracts of Pregnant Mare Serum 


R I Penchauf, H H Cole and H Goss 

from the Eitdocnne J^bornlorj/, De}mrtmnt of Ohstetnee and Coneeology, 
Unwernty of CaUfomta Medical School, San Frnneinco, and the Divmon of Animal 
Rutbandrii , VnivcTsitg of California, Darin 


Goss and Cole' have shown that extracts of nnre serum can be 
prepared testing 4000 to 7000 R U per mg total solids (40,000 to 
70,000 R U per mg nitrogen) The question arises regarding the 
nature of the bormone present in these extracts as compared to that 
in untreated mare serum Evans, cl al * and Hellbaum’ have reported 
that more than one gonadotropic Iiormone is present in mare serum 
though these reports have not been confirmed In the first mentioned 
paper the male rats shoinng only a Leydig tissue response iiere pos- 
sibly sacrificed too soon to expect an effect upon the seminiferous 
epithelium Further, had the time of autopsy of the females been 
delayed beyond 72 hours corpora lutea might have been encountered 
following the treatment ivith so-called FSH fractions The extracts 
prepared by these authors were relatively crude preparations We 
were interested, therefore, in determining whether or not highly 
purified materials would give similar evidence of fractionation of 
gonadotropic hormones A, fraction giving pure follicular stimula- 
tion in the female w ith little or no effect on the interstitial tissue of the 
male would give evidence of a purified follicle stimulating hormone 
whereas a converse relationship would indicate the presence of a 
luteinizing hormone 

Experunenial Two extracts were used one. No 15-19-2 tested 

1 Goss, H, tmd Cole, H, Endoertnolong, 1940, 20, 244 
S Evans, H JL, Korpi, K, Simpson, M E, and PcDclinn, R I, Vnir of Cal, 
fomia Publication in Anatomy, 1930, 1, 276 

3 HeUbnum, A. A, Am J Phymal , 1937, 110, 331 



Response Dysentery Bacillus to Nicotinamide 



Fig 1 


coenzyme I, coenzyme II, and autoclaved coenzymes I and II It will 
be noted that nicotinamide is the most active groivth-promotmg sub- 
stance, and coenzyme I is somewhat more active than coenzyme II 
After the coenzymes are autoclaved (20 pounds, 30 mmutes) the 
activity of each is markedly increased Under certain conditions of 
heatmg it is possible to bring the activity up to that of an equivalent 
amount of nicotinamide The results discussed above are obtamed 
when the culture is titrated at the end of 4 days’ mcubation If a 
shorter period is used the results are more stnkmg smce the co- 
enzymes exhibit a lag period similar to that reported by us for the 
acid 

These findings are incompatible with the theory that mcotmamide 
functions solely as a building block for coenzyme I or coenzyme II 
If nicotinamide is more active than an equivalent amount of either 
of the pjTidine-containing coenzymes, it must have some importance 
other than, or in addition to, being a component of the kno\vn co- 
enzymes Metabolic experiments have confirmed this hypothesis 
although the details of this new mechanism are not yet known * 

Because of the rapid accumulation of evidence for the great im- 
portance of nicotinamide and related compounds in the nutrition and 
metabolism of various living forms there have been numerous at- 
tempts to develop methods for the determmation of these compoimds 
in biological materials 

* Dorfman, A., Koaer, 8 A , and Saunders, F , Snmce, 1939, 90, 644. 
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Quantitative Response of the Dysentery Bacillus to Nicotinamide 
and Related Compounds * 

Albert Dorfman, Stewart A Koser, M K. Horwitt, Sam 
Berkuan and Felix Saunders 

From the Departments of Bactenology and Farasitology and of Bioohemtstry, 
VniversUy of Chicago, and the Elgin State Eospiial, Elgin, HUnois 


In a previous report we showed that many strains of dysentery 
baalh require nicotinamide or certain closely related compounds for 
growth ^ We have also studied the growth-promoting activity of a 
number of compounds structurally related to nicotinamide ’ It is 
the purpose of this paper to report certain quantitative studies on the 
activity of nicotinic acid, nicotinamide, coenzynie I and coenzyme II 
These studies were earned out m an attempt to learn the mediamsm 
of action of these compounds in promotmg growth of dysentery 
baalh The results were also used for the devdopment of a method 
for the estimation of nicotinamide and related compounds in blood 
It has been generally assumed that nicotinic acid is converted to 
nicotinamide and that the latter is converted to one or both of the 
pyridine-contammg coenzymes We have presented evidence for the 
conversion of the acid to the amide, based on the relative activity of 
the two substances in promotmg growth of dysentery bacilli ’ It was 
found that when the acid is used as a gro^vth-promotlng substance 
there is a very definite lag m growth as compared with that obtained 
when the amide is used 

If nicotinamide is converted to one of the known p}Tidine-nucleo- 
tides, one or both of them must have a gro^vtli-promoting activity 
gjreater than or equal to that of an equivalent amount of nicotinamide 
In order to determine the relative activities of the various sub- 
stances the titration method previously described bj us was em- 
ployed f Figure 1 indicates the relative activity of nicotinamide. 


. Thja work WM aided by a grant from the Dr WnBace C and Clara A. Abbott 
Memorial Fmxd of the Umveraity of CWcngo and a grant from the Committee on 
Scientific Eeseareh of the American Medical Aaeociatlon 

Tkobot, S a , Dorfman, A., and Sanndcra, F, Pboc Soc Exp Biol, am, Mn, , 

A., Koser, S A., and Saunders, F , d Am Chem. Soc 1938, 00, 


'°"s*'Dorfman, A., Koser, S A, Eeames, H. H , Swingle, K. F . and Sanndera, P , 

%e^e 2lStt?rofe»er Otto Warburg for a sample of pure coen^e II 
and Dr A. Axelrod for a sample of pure eoenmne I prepared ,n Enler s Ubora 
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TABLE L 

Effect of Autoclaving on Amount of Kicotinamide Found in a Sample of Human 

Blood. 


Detemunation 

No 

Dilution of 
filtrate, 
cc 

N amide 
added 
per cc, 

y 

Method of 
stenlixation 

Value found, 

7 per cc 

1 

020 



Filtered 

01 


030 



6.2 

2 

025 

5 

f J 

10 3 


015 



11.2 

3 

025 

— 

Antodaved 

75 


015 



84 

4 

016 

5 

ff 

13.2 


010 



12 0 


Table I illustrates the results obtained on a normal sample of 
blood The value obtained for total activity expressed as nicotina- 
mide IS dependent upon the method of sterilization employed In 
this experiment the same blood was employed for all analyses It 
will be noted that the activity is markedly increased by heat treatment 
More drastic treatment resulted in little increase in actn ity This in- 
crease in activity is to be expected on the basis of the results reported 
in the first part of this paper, since it is kno^vn that most of the nico- 
tinamide present in blood exists in the combined form 

Table I also illustrates the tj’pe of results that can be obtained by 
running the samples at different dilutions, and the recovery of nico- 
tinamide w'hen added to the w'hole blood We have occasionally 
experienced difficulties in obtaining checks at different dilutions The 
explanation for these difficulties was not found 

Kohn® has pointed out that the amount of “V” substance present 
m human blood is a function of the hematocrit In an earlier report 
we show'ed that all of the activitj for the d>sentery bacilli resides in 
the erythrocytes ° Table II shows the results obtained with 5 differ- 
ent bloods botli before and after autoclar ing, together with hemato- 
crit values The number of samples analyzed bj us is insufficient to 
permit drawing any definite conclusions concerning the relation 
between hematocrit and nicotinamide 

The results given in Tables I and II are tj-pical for normal human 
samples 

Summary B 3 means of a titration method for estim. tion of bac- 
terial growdh it w as found that grow th is proportional to the quan- 
tity of nicotinamide present Nicotinamide is more actue than an 

8 KoUn, H I , and Beniherm, F , J Chn Invest^ 1939, 18, 585 
0 Dorfman, A , Hormtt, M K , Kojer, S A , and Saunders, F , J Biol Chem., 
1939, 128, XX. 
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The method which we have used is essentially the same as that 
descnbed by us m a previous publication ’ It consists in determining 
the amount of acid produced by a dysentery culture to m hich a definite 
dilution of a blood filtrate is added The nicotinamide equivalent is 
determined by comparison with a standard curve (Fig 1 ) The dilu- 
tions of the blood sample were made so that a minimum of 0 2 cc 
and a maximum of 0 4 cc was added to each tube containing 4 5 cc 
of basal medium The final volume was made up to S 0 cc The 
tubes were incubated for 4 days at 37° and were then titrated with 
0 01 iV NaOH to a standard color of brom thymol blue. All blood 
samples were run at 2 different dilutions Blank determinations 
were made on both inoculated and umnoculated controls A series 
of nicotinamide standards was run with each set of blood samples 
All determinations were run m triplicate 

The addition of a mixture of all of the a\ailable other knoivn 


growth substances resulted in no increase in acidity, thus indicating 
that this test is specific for nicotinamide and related substances ’ 
Schmelkes’ has reported that thiazole-5-carboxyhc acid is able to 
substitute for nicotinamide in promoting growth of dysentery bacilli 
We have found that the activity of this compound is approximately 
one-hundred-thousandtli that of nicotinamide, and therefore even if 
it did occur naturally it would not interfere with this assay 

We first attempted to prepare our samples for assay by means of 
an acetone extract It was found, however, that blood samples pre- 
pared in this manner gave results which were lower than those ob- 
tained witli a iiater extract Euler^ has used an acetone method to 
determine the amount of free nicotinamide in blood He obtained 
values of about 1 r per cc when he used the cj^anogen bromide method 
for determination of the nicotinamide Our values when we used 
acetone for the preparation of the samples were somewhat higher, the 
normals averaging about 3 y per cc This difference Probablv due 
to the fact tlSfwe employed 3 volumes of acetone, vh.le Euler used 
10 volumes The latter quantity would extract less ^ the “enzymes 

The method used in most of our studies consisted m adding one 

1 ne niemou volumes of w ater within 10 minutes after 

the samples ‘^"^'/^^^oagulum filtered off The prehminar) 
about 10 enzymes m blood which h)drohze 


“'"'S H V , W* P, . «■ 
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Radio-chlonde has a half hfe of approxunately 35 minutes and 
lithium a half hfe of 1/25 second Thus lithium chloride was em- 
plo} ed as a target for bombardment b) the beam m the cj dotron of 
the Departments of Chemistry and ^ip^ics Because of the brief 
radioactmty of the hthium the salt afforded a soluble chloride in 
■w hich only the latter ion "w as radioacti\ e. The lithium chloride was 
dissolved m sterde i\ater and a drop or two of 1/10 N NaOH added 
to insure slight alkalmity The solution was boiled gently for sterili- 
zation and then mjected intrai enously at the desired moment. The 
mjecbons were made withm 45 nunutes after the material was re- 
ceived from the cyclotron and the observations completed withm 3 
hours Radloactl^^ty w as determined by holdmg approximately 1 to 
3 cc of the flmd to be tested m cellophane sacs 1 to 1 5 cm from the 
aluminum foil-covered aperture of a quartz-fiber Launtsen electro- 
scope Proper control observations were of course made upon the 
“background” of the room m which the readmgs w ere made and upon 
blood, unne and gastnc juice samples before mjection of the radio- 
chlonde 

Experiment I Female dog An Wt 10 kg wnth large cannulated 
gastric pouch After sev eral feedmgs of cooked lean meat vigorous 
pouch secretion developed and was collected every 10 nunutes m 
Soxhlet flasks suspended below the cannula. These samples varied 
from 1 to 1 75 cc per 10-rainute period with free acid \ arymg between 
100 and 150 chmcal umts and combmed aad 20 to 30 clmical umts 
At the termination of one period 500 mg of radioactive hthium 
chloride dissohed m 10 cc of water were mjected intravenously m a 
hmd extremity The volume of juice secreted durmg the next 10- 
mmute period equalled 3 cc and when tested was found to be strongly 
radioactive. Similar samples collected at 10-minute mtervals for the 
next 130 minutes each show ed radioactivity 

Experiment 11 Male Dog Gyp Wt. 10 kg with large cannulated 
gastnc pouch Procedure as m Expenment I In this case 3 cc w ere 
secreted dunng the 120 seconds followmg the termination of the m- 
jection of lithium chlonde. This sample was tested separately and 
found to be strongly radioactiv e Tests were also made on blood and 
urme samples, the results are mdicated m the accompanymg graph 

Expenment III Patient, iirs H , age 58, Wt 50 kg, thin and 
emaciated, 8 days postoperative cholecystectomy for dioletyrstitis 
and cholehthiasis A Levine tube was passed mto the stomach after 
18 hours’ starvation and gastnc lavage performed with water, all of 
the latter being wathdrawn. One milhgram of histamme was mjected 
subcutaneously and 10 minutes later gastnc aspirations were begun, 
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TABLE n. 

Nicotmaimde Content of Human Blood 


Sample 


Dilntion of 
filtrate 


Method of Value found, 

sterilization -y/cc whole blood Hematocrit 

Entered 60 42 0 

54 

Autoclaved 80 42 0 

70 

Filtered 58 465 

65 

Autoclaved 58 40 6 

92 

Filtered 64 53 0 

72 

Autoclaved 91 33 0 

57 

Filtered 45 41 0 

62 

Autoclaved 83 4L0 

86 

Filtered 58 46 0 

Autoclaved 75 46 0 


eautvalent amount of either pyridme-contaii^g coenzyme Hy- 
(kolvsis increases the activity of the latter, indicating that the func- 
tion of nicotmamide is not based entirely on synthesis to either of the 
known coenzymes A method has been developed for determim^ 
mcotinamide and related substances in blood The values obtained 
are higher if autoclaved blood is used. 
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j Paesade of Chloride Ion from Bl^ood into Gastric 

Rapidity of Stimulated Stomach * 

Atenander Brunschwig ano Robert L Schmitz f 

Surocrv and Division- of Soentgenology, the Department 
rrom the The Vniversiiy of Chicago 

r . c+itrlv the oassage of chloride from the blood into the 
In order to study stj|,uiated stomach, chloride ions were 

aad gastne radioacUve. Thus radioactivity detected 

“tagged silrSy that such ions if previously injected into 

■S 1:1 idtalb" SgM fl,roughC.e gastne 

thebloo^^ acHorhydrla 

the NaUoual_Advi.ory Co.mcU on Cancer ^ 


.tuay of acHomydria In gaatnc car 

ri^^r^.ervaUon. ore m Advi.ory Council on Cancer. Waeh 

dnoma.upporte5t^^'^^"“noiial Cancer Eeeearch Foundation. FMlndelphla, 
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As a control for the method, radioactive phosphorus in tlie form 
of sodium phosphate was injected intra\ enousl) into three pouched 
dogs The blood v as observed to be radioactn e for over 45 minutes 
but the gastric pouch juices secreted during this period exhibited no 
radioactivity, according to the criteria adopted m these experiments 
Suvnuary The foregoing observations show that “tagged” clilo- 
ride ions when injected into the general circulation are identified m the 
acid gastric juice of tlie stimulated stomach m dog and m man as 
quickly as 60 to 120 seconds after injection Presumably at least 
some of these ions in the juice were derived from the HCl present 
Tagged chloride ions continued to circulate in the blood for more 
than one hour after intravenous injection and ivere transported into 
the gastric juice continuous!} during tlus period Such ions did 
appear in the umie but ivere detected at irregular intervals and m 
relativelv low concentration 


11225 

Availability of Staphylococcal Antitoxin After Intramuscular 
Injection into Normal Monkeys and Men * 

Charles Weiss (With the assistance of Lucy D Bergman ) 

From the Sescarch Leboratones of the Ifoiivt Zion Hospital, San Francisco, Cahf 


Tlie increasing use of staphylococcal antitoxin’ " makes it advis- 
able to study its rate of absorption and concentration in the blood 
after injection of therapeutic doses In accordance ivith previous 
work on diphtheric antitoxin’ and antipneumococcal serums,^ daily 
estimations were made of the titers of 6 "normal” human subjects 
who w'ere not suffering from staph) lococcal infections and of 9 nor- 
mal monke}s (M mulatta ) after intramuscular injections of Squibb’s 
concentrated antitoxin Some of each group w^ere injected into the 
gluteal muscle with 1000 units per kg, while others received 2 such 
doses, 24 hours apart (Table I) Alpha antistaphylolytic serum 

* Aided bv T fjnnt from tlic Committee on Thcmpentic Eesearcli, Council on 
PhnrmiC}- nnd Chemistry, of the American Medical Association 

1 Baker, L D , nnd Sliands, \ B , J A il A , IQS'), 113, 2119 

2 Btookey, P F , nnd Senrpellino, L A , So Med J 1939, 32, 173 

3 Glenny, A T , nnd Hopkins, B F , J Hygiene, 1924, 23, 12 30, 208 222 
Finland, M , and Brown, T W , J Immtino? , 1936, 35, 245 
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Fio 1 

Cranh of Eip II described in text showing appearance time of radioactive 
ehlorinlin ponch gastric juice subsequenMo its injection into an ex^emity vein 
Peri^nce^ the ‘‘tagged” ions m the blood and their presence in the nnne are 

also indicated 

and continued at similar intervals for 90 minutes Following the 
third aspiration uhich yielded a juice containing 25 clinical units of 
free acid and combined acid of 12 clinical units, 400 mg of radioactive 
hthium chloride dissolved m 10 cc of vater uere injected intra- 
venously m the arm During the 120 seconds following the termina- 
tion of this injection 1/a cc of gastric juice were aspirated nhich 
shotted radioactnitj- Six subsequent samples aspirated at 10-minute 
intert als all shott ed radioactivity Five cc of blood withdrawn from 
Te Citicubital tein 1 minute and 70 minutes respectively following 
mie^ion showed radioactivity Prior to the experimen the patient 
^ At the termination of the experiment the patient voided 

36 cc Three cc of this urine showed radioactmty but approximately 
oL half as intense as the last sample of 3 cc o gastric juice tested 
Senment IV Patient. St, uhite male, 23 one ^^eek after 

,r,c juiee ,|,„,ved rad.o-act.> .ty The tree .c,d 

SSmplee dhaW 1 W ehn.cal un,.a, the con.b.ned ac.d, 1 7 chn.cal 

units 
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A.S a control for the method, radioactive phosphorus in tire form 
of sodium phosphate u as injected intravenously into three pouched 
dogs The blood was observed to be radioactive for over 45 minutes 
but the gastric pouch juices secreted during this period exhibited no 
radioactivity, according to tire criteria adopted m these experiments 
SumDiary The foregoing observations show that “tagged” chlo- 
ride ions when injected into the general circulation are identified in the 
acid gastric juice of the stimulated stomach in dog and in man as 
quickly as 60 to 120 seconds after injection Presumably at least 
some of these ions in the juice were derived from the HCl present 
Tagged chloride ions continued to circulate in the blood for more 
than one hour after intravenous injection and were transported into 
the gastric juice continuous!} during this period Such ions did 
appear in the urine but were detected at irregular intervals and in 
relatively low concentration 
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Availability of Staphylococcal Anbtovin After Intramuscular 
Injection into Normal Monkeys and Men * 

Charles Weiss (With the assistance of Lucy D Bergman ) 

From the Eescorch Laboratories of (he Vownf Zwn Sospitalf San Francisco, Cahf 


The increasing use of staphylococcal antitoxin’ ” makes it advis- 
able to study Its rate of absorption and concentration in the blood 
after injection ot therapeutic doses In accordance with previous 
work on diphtheric antitoxin’ and antipneumococcal serums,* daily 
estimations were made of the titers of 6 “normal” human subjects, 
who were not suffering from staph} lococcal infections and of 9 nor- 
mal monkevs CM viulntta ) after intramuscular injections of Squibb's 
concentrated antitoxin Some of each group were injected into the 
gluteal muscle with 1000 units per kg, while others received 2 such 
doses, 24 hours apart (Table I) Alpha antistaphylol}4;ic serum 

* Aided by n gnnt from the Committee on Therapeutic Rcaenrcli, Conned on 
Pharmaej nnd Clienuetry, of the Amencnn Medieal Aasociation 

1 Baker, L D , and Shands, A B , J A 31 A , ISSh, 113, 211'> 

2 Stookey, P F , nnd Scnrpellino, L A , So dfed J , 1039, 32, 173 

3 Glennv, A T , nnd Hopkins, B E , I Hygiene, 1921, 23, 12 3G, 20S 222 

•* Finland, , nnd Brown, T W , J Immuaof , 1938, 35, 245 
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Graph of Eip II described la text showing appearance time of radioactive 
chlorine in pouch gastric juice subsequent to its injection into an extremity vein 
Persistence of the "tagged” ions in the blood and their presence in the urine aro 
also indicated 


and continued at similar intervals for 90 minutes Following the 
third aspiration which yielded a juice containing 25 clinical units of 
free acid and combined acid of 12 clinical units, 400 mg of radioactive 
lithium chloride dissolved in 10 cc of tvater were injected intra- 
lenously in the arm During the 120 seconds following the termina- 
tion of this injection lyi cc of gastric juice were aspirated which 
showed radioactn ity Six subsequent samples aspirated at 10-minute 
intervals all show ed radioactivity Five cc of blood withdrawn from 
the anticubital vein 1 minute and 70 minutes respectivelj' follow'ing 
injection showed radioactivity Prior to the experiment the patient 
voided At the termination of the experiment the patient voided 
36 cc Three cc of this urine showed radioactivity but approximately 
one-half as intense as the last sample of 3 cc of gastric juice tested 
Experiment IV Patient, St, white male, 23 one week after 
bilateral herniorrhaphy Procedure as m Exp III 3 cc of gas- 
tric juice aspirated 60 to 90 seconds following the termination of 
the injection of radio chloride showed radio-activitj The free acid 
in this sample equaled 1 10 clinical units, the combined acid 17 clinical 
units 
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Bate of absorption of antistaphylococcal antitorm after intramnscnlar injection 
into "normal'^ human subjects Ircft graphs, S persons injected ivith 1000 units 
per kg, right graphs, 3 injected with 2000 units per kg Ordinates logarithms of 
units of aipha antistaphylolysin per cc of serum, abscissffi, days after injection 



Bate of absorptiou of antistaphylococcnl antitoiin after intramuscular injection 
of normal monkeys (If mulatto) Ijeft graphs, 5 monkeys injected with 1000 
units per kg Eight graphs, 4 monkeys injected with 2000 units per kg Coordi 
nates as in Pig L 

titers were determined b} the method of the National Institute of 
Health ‘ 

Figs 1 and 2 show striking uniformity m the rates of absorption 
of o?/>/ia-antistaphylolysin Semi-loganthmic curves present 3 phases 
In humans, phase A, the stage of absorption, lasted 3 to 8 day s Phase 
B, the period of mamtenance of maximal serum titers, 1 to 6 days, the 
average being 3 days Phase C, the stage of ehmination of antibody, 

0 National Inst. Health, ■Washington, DC, B 1199, Jan, 1936, H S Standard 
Staphylococcus Antitomn, 
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therefore, irrespective of tlie maximal titers or the duration of elim- 
ination, the sum of the concentrations of antibody during a given 
period of time (area under the curve) or the antibody content of the 
total plasma volume was directly proportional to the dose injected 
per kg weight 

This new procedure was also applied to data selected from Glenny 
and Hopkins ’ They injected a constant dose of diphtheric anti- 
toxin (750 units) into each of 5 rabbits weighing from 0 400 to 
3 240 kg A-lthough the maximal titers and duration of elimination 
\aried, as reflected in the sums of the concentrations of antibody 
during 9 days (12 to 79), nevertheless the antibody available in the 
total plasma w as practically identical in all animals In other words, 
with a given total dose injected, the turnover of antibody in the 
plasma is the same 

Prehminary observations on beta antistaphylolysm® revealed a 
uniform rate of absorption but the serum titers reached were very 
small, never exceeding 1 to 6 units, in normal persons and monkeys 
respectively This maj be explamed by the low concentrations in 
commercial antitoxin which did not exceed 15 and 80 units per cc 
in Lederle’s and Squibb’s antitoxin respectively 

Swniuary and Conclusions After intramuscular injection of 
staphylococcal antitoxin the rate of absorption is quite uniform m 
normal monkeys and humans The antibody available in the total 
plasma-volume during a given period of days after injection of a 
specified dose (per kg weight) may be determined from the area 
under the curve, formed with time intervals as abscissae and daily 
concentrations of antibody per cc as ordinates, multiplied by the 
plasma volume This new method of calculating available circulating 
antibody has also been applied successfully to the data of Glermy and 
Hopkins'* on diphtheric antitoxin and hence may be of general im- 
munological interest 

8 Smith, M L , and Price, S A , J Path and Pact , 1938, 47, 36L 
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extended from 2 to 4 weeks The maximal increments in titer after 
1000 units per kg of antitoxin, varied from 6 to 10 units After 2000 
units, maximal titers \aried from 15 to 25 units In monkeys in- 
jected ivith similar doses, phase A lasted 1 to 4 days, phase B, 3 to 
6 days , phase C, from 4 to 5 weeks The maximal increments were 
much higher than in humans — the titers ranging from 15 to 30 units 
after 1000 units of antitoxin and 35 to 50 after 2000 units per kg It 
must be emphasized that the natural titers of monkeys are higher 
than those of humans In the latter they were Jess than 1 unit 
whereas in monkeys they varied from less than 1 to 7 in this series, 
but may reach as high as 20 or more units per cc * 

In most instances, the serum titers reverted to their natural levels 
after elimination of the passively transferred antibody 

Because of individual variations in maximal serum titers and in the 
time of elimination of the antitoxin, it became necessary to develop a 
method of indicating the total available circulating units of antitoxin 
dunng a given period of time as the result of the injection of a given 
dose By plotting on standard graph paper, concentrations of alpha 
antistaphylolysin per cc of serum as ordinates and time, in days after 
injection, as absciss®, and mtegrating these curves, the areas under- 
neath represent the summation of concentrations of antibody that 
have left their storehouse in the reticulo-endothelial system’^ and 


appeared in the blood stream during the period of observation The 
areas may be conveniently determined bv weighing the paper under 
tlie curve, counting the units squares or by use of a planimeter 

When 5 monkeys were each injected with 1000 units per kg, the 
average concentration of available antibody during 9 days was 113 5 
units per cc (Table I) In 4 other monkeys similarly injected with 
tivice the dose per kg, the average uas double or 233 8 In human 
subjects the values for similar dosage and time-intervals were approx- 
imately 43 and 93 respectively, the ratio being again approximately 
1 2 Multiplying these values by the weights and the factor 54, one 
obtains the number of units of antitoxin appearing in the total 
plasma-volume * Thus in persons receiving 1000 units per kg the 
total available circulating units in the course of 9 days was 141,550, 
whereas in 2 others receiving approximately twic^iis dose per kg 
the total was about twice as large, or 288,115 The corresponding 
average values for monkeys are 19,160 and 32,620 In all ins tances, 

fl Weiss, C, / Immunol, 1939, 37, 185 
-CqWti F I? •T Btp Med, 1939, 70, 67 

8 Brow^, G E ’ and Keith, H. Z . quoted in Peters, 35^''/ ^ ’ 

QuantitaUvc CUmcal Chemistry Williams and Wilkins, Baltimo , , 1, 
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cord, and the second and third from the jugular vein or the anterior 
fontanel The serum volume index is determined as follows 
Five cc of blood is allowed to stand at room temperature in a grad- 
uated tube for 4 hours, at the end of which time the serum volume 
expressed from the clot is read A red blood cell count is also made 
In normal individuals the serum expressed is 50^ of the blood 
volume The index equals the serum volume of the patient studied 
over half the volume of blood withdrawn for the test , a correction is 
made for anemia if it exists One (1) is the standard of normal 
The highest index at which a jaundiced patient has bled is 71 
The maternal values (Table I) in these 11 patients are rather 
lower than are normally found, the decreases perhaps being due to 
the loss of blood at delivery Some confirmation of this supposition 
is furnished by the almost uniform rise m the second and third ma- 
ternal indices The infant indices parallel the observations made by 
other tests in all respects Tliey are considerably lower than the 
maternal indices, the lowered values found immediately after delivery 
are still further decreased on the third day of life, and there is a uni- 
form rise, usually with a return to the initial values or higher values, 
on the fifth day of life The values reported are paralleled by values 
m other, less complete, maternal and fetal studies by the serum volume 
index and also by values in studies by the bedside test' to be reported 
elsewhere 

In 4 instances the fetal indices immediately after birth fell within 
the range at which bleedmg would be expected in the adult, and 9 
fetal indices on the third day were well below the safe level Bleeding 
did not occur in any of these children, nor does it seem to have oc- 
curred in other instances' * in which the prothrombin values were well 

TABLE L 

Studies by the Serum Volume Index (for the Hemorrhagic Diathosia) m Parturient 
‘Women and Newborn Children 
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Serum Volume Index Studies on Newborn Children 

Henry Leidenheimer, Jr , and Frederick Fitzherbert Boyce. 
(Introduced by Richard Ashman ) 

Prom the Department of Ohstetno* and Oyneeology, Scltool of Medtetne, and 
Department of Surpery, Graduate School of Medicine, Louisiana State UnivereUy 


Although reports differ m detail,*"’ it has been fully established 
that a hypoprothrombinemia occurs in infants shortly after birth, that 
its duration is brief, and that normal values are usually reestablished 
by the fifth day of life That this deficiency is related to hemorrhagic 
disease of the newborn is suggested by the fact that the hemorrhagic 
state coincides with the period of hypoprothrombinemia and by its 
prompt correction by vitamin K therapy 

Previous studies have been made by the prothrombin titration 
technic of Quick,* the two-stage titration technic of Warner, Bnnk- 
boas and Smith,* the bedside test of Ziffren, Owen, Hoffman and 
Smith,® and the coagulation deficiency test of Dam and Glavind *® 
The studies herewith reported were made by the serum volume 
test,**' *® which was devised to predict the hemorrhagic diathesis in 
jaundice and has been used with entire satisfaction for this purpose 
for the last 5 years 

The studies were made on 6 white and 5 colored mothers and their 
full-term babies The maternal blood was secured from the antc- 
cubital vein The first samples m the children were secured from the 

1 Bnnkhons, K M , Bmltli, H P , and Warner, B D , Am J M Sc, 1937, 


3 Quick, A J, and Grossman, A M , Pboo Soc. Esp Bioi. and Mkd, 1939 

41, £27 „ „ 

s Heilman, L M., and Shottles, L. B , Bull Johne Boplnns Botp , 1939, 05, 133 
* Waddell, W W , Jr , and Guerry, DnP ,J A M A ,1939, 113, 2200 
eSIiettlea, h B, Dolts, E, and HeUmnn, L M, Bull Johns Bopltni Bosp 

^*^0 Tago Hansen, E., and Pltnn, P , lancet, im, S, U67 

7 Quick, A. J. Slanley Brown, H, and Bancroft, F , Am. J M Sc , 1030 , 

**^B'waLer, E D, Brinkhon*, K M. and Smith, JL P , Am J Physiol 1930 ^ 
Ziffren, 8 B, Owen, C A, Hoffman, G E-, and Smith, H. P, Pnoc. 80 a 

^Dam''^aSGiaS,'j'Ac<n med Seandtnav, 1938, 00, 108 
n Boyce P P , and McFetridgc, E M., J Lah and Clin Jtrd , 1037, 23, 202 
13 Bo^ce,' F F , and McFetridgc, DU,Neu> Orleans M and S J , 1930, vt, 357 
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cavit} of fleas collected from a dog lia\ing a heary infection On 
other dogs harboring Dirofilana imiiittis Cfciwceplwhdes fehs and 
PulcA irriians Mere found similarh infected The female fleas of 
the 3 species Mere much more frequentl) infected and Mere more 
hear ily infected m ith all the lan^al stages of the parasite than were 
the males From some dogs infected Mith hearhvorm as man}' as 
100% of the female fleas examined contained one or more mfectue- 
stage lan'ae and man} of the earlier stages of development The 
males harbored these stages only m small numbers and rarely con- 
tained the infectn e stage lan'ae 

Fleas of these 3 species collected from uninfected dogs ha\e been 
experimentally infected m the laborator} m I'Icm Orleans and the 
extra-mammalian phase of the life c}cle of Dirofilana immitis has 
been completed in 10 such experiments undertaken Sections of the 
infected fleas shoMed that the parasite in the t}pica! microfilarial 
stage as found in the dogs blood, had entered the \entral part of 
the hemocehc ca\ it\ in the region occupied b} the fat bodies and had 
there begun its deielopment The metamorphosis of the parasite 
from the microfilaria to the infectn e stage lar\a followed closel} 
that found in \anous species oi mosquitoes infected here’ * and 
b\ other Morkers elsendiere The microfilaria de\ eloped into a short- 
ened, so-called sausage larv'a, identical with that found m experi- 
mental!} infected mosquitoes B} gradual elongation of the bod} 
and derelopment of the internal structures this sausage larva became 
the infectn e stage lar\a nhich Mas morphologically identical Mith 
that developing in mosquitoes, although the time required for com- 
plete de\ elopment in the flea \\ as much shorter than in an} mosquito 
Morked with here or as }et reported m the literature Thus far the 
minimum time required for de\ elopment in the flea, from the micro- 
filanal to infectn e stage, Mas 120 hours as compared with 240 
hours in species ol mosquitoes experimental!} infected here In ad- 
dition, the writer s obser\ations indicate that the microfilaria did not 
begin its de\ elopment in the Malpighian tubules as Breml had 
stated for fleas and as occurs in mosquitoes, but rather in the hemo- 
cehc cavit} 

In experiments conducted Mith fleas during the months of June 
and July it was tound that the infectn e stage lar\a of Dirofilana 
uiimitis appeared m 120 hours as compared with 216 hours in the 
same species of flea in experiments conducted in December and 
Januar} Obsen ations as } et incomplete seem to indicate that during 

» Hinman, E H,, Trap 3[ed , 1934, 13, 371 

■* Writer obacrrations 
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below normal Whether children bleed at a lower level than adults, so 
that a fresh set of standards must be devised for them, it is not now 
possible to say A partial explanation of the lower maternal and fetal 
values may be that all of these tests were run during the winter, when 
the intake of foodstuffs containing vitamin K is less than in the 
summer months ® 

Snmimry A serial study of 11 parturient women and their in- 
fants by the serum volume index confirmed the findings of others, 
by other tests, that a definite tendency to hemorrhage exists in in- 
fants for a short time shortly after birth 
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Fleas as Acceptable Intermediate Hosts of the Dog Heartworm, 
Dtroftlarta ttn mitts 

WnxiAM A Summers (Introduced by E C Faust ) 

From the Parasitologv Laboratory, DcpaHmcnt of Tropical Kedicine, Tvlane 
Vnivcrsity of Louisiana, Fcio Orleans, Louisiana 


The method of natural transmission of the dog heartworm, Dtro- 
filaria tmmths, is still incompletely elucidated The larvae of this 
parasite have been shown to develop in many species of mosquitoes 
and, thus, mosquitoes have been believed to be incriminated m the 
natural transmission, but substantial proof of this is lacking The 
possibility that other blood-sucking arthropods serv'e as transmitters 
was overlooked until 1921, when BreinP reported finding the micro- 
filarial embry'os of Dtrofilaria wiiintts in the fl^s Ctcnocephalides 
cams and Ctenocephalides felts, collected from hearUvorm infected 
dogs in Australia He also observed the advanced stages of devel- 
opment of this parasite in the Malpighian tubules of the fleas and the 
infective stage larvae in the hemocelic cavity R^ently, Brovvn- 
has observ^ed the microfilariae and part, afly dev eloped larvae of this 

p^a^ite in Ctcnoccphahdcs cants collected from heartworm-.nfected 
dofrs in the eastern United States 

L Nove^be, of im 

The early *,elop- 

mental stages and the infective larvae were also se m^hc hemocelic 

la.'i . 
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tliyroid-fed rats by feeding large amounts of yeast It is also known 
that the dietary requirements for ^^tamln Bi and the B; complex are 
above normal during experimental hypertliyroidism in rats ^ Since 
yeast can maintain the liver gl} cogen of thjToid-fed rats ive decided 
to mvestigate an> possible relationships between the Iner function 
of hyperthjTOid dogs and the yeast content of the diet No studies 
of the liver function of hj-perthjToid animals are reported m the 
literature 

Methods Throughout the experiment the dogs received a modi- 
fied form of Cowgill s casein diet No III,® m which 21% lard -was 
used, and the butter was replaced by 4% of cod liver oil, so that a 
known amount of \ itamins A and D w ere added to the diet The dogs 
used were all full-gro-wm males weighing beti\een 9 and 17 kg The 
dogs were fed a stock diet of Purina checkers ad hbtiiim Two weeks 
before the thyroid feeding was started the dogs were placed on the 
modified Cowgill diet The dogs were allowed to eat as much as 
they wanted for a 3-hour period each da} Each dog recei%ed a 
daily supplement of 3 east No 17800 in tlie proportion of 2 Interna- 
tional units of ^ itamin Bi per pound of bod-v weight The yeast con- 
tained 23 I U of lutamin Bi per gram and 20 Sherman-Borquin units 
of vitamin G (flann) per gram * This makes the diet normal m 
all respects The thjroid used was Lill}’s desiccated th%roid gland 
USP 

The bromsulphalem method" was used to determine the luer 
function of the dogs Fne mg of d}e per kg of body weight was 
injected mtravenously into the jugular \e!n of unanesthetized trained 
dogs, and 30 minutes later 10 cc of blood w as w ithdrawn under oil 
from the opposite jugular and the concentration of dje remaining in 
the serum determined In the standards 4 mg of bromsulphalem 
per 100 cc of dilute NaOH was used as 100% 

Results The 2 control dogs, receiving onl} Cow gill’s diet and the 
daily yeast supplement, showed normal Iner functions throughout 
the experiment The dje retention in the serum of the controls at 
the end of 30 minutes was alwajs less than 10%, generalh being 
bet\\een 2 and 8 % An\ retention of die abo%e 15% in tlie thjroid- 
fed animals was therefore considered abnormal and definite evidence 
of impaired liver function 

1 Dnil, V A,, and Sherwood, C E., Am J PhvKtol 1P3S 134, 6S3 

8 Cowgill, G B , Am. J Phi/stol , 1928, 83, 45 

* The aathore wish to thank Dr H W Khodehamel of Eh Lilly and Co for 
enpplying the large ninoant of desiccated thvroid gland that was required, and also 
Dr C N Frey of the Plelschmann Lahonitorics for supplying the analysed Teast 

BEosenthal, S M , and White, E C , J Am Ifrd Assn., 1925, 84, 1112 
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the warmer season of the year the time required for development is 
shorter than during the colder season With decreasing temperature 
the time required for development increases and vice versa 

In sinnmary, the fleas, Ctenocephahdes cams, C felts and Pules: 
trntans, collected from dogs harboring DtrofUaria tmmttis, have 
been found naturally infected with tlie microfilanal and larval stages 
of this parasite The female fleas seemed much more susceptible to 
the infection than the males All 3 species of fleas have been experi- 
mentally infected and in all 3 the ex-tra-mammahan phase of the life 
cycle has been completed The time required for this development in 
fleas was 120 hours in warm weather and 216 hours in cold weather 
This phase of the life cycle was more rapidly achieved in fleas than 
in mosquitoes It appears that both biologically and epidemiologically 
fleas are more suitable intermediate hosts of Dirofilarta tmmttts than 
had been previously supposed 
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Hyperthyroidism and Liver Function in Relation to B Vitamins 


Victor A Drill and Harry W H^ys (Introduced by W W 

Swingle ) 

From the Biological Laiaratorv, Pniiceton Untverrily, Fnnccton, F J 


Many authors have reported that the liver becomes altered both 
structurally^ and functionally^ during hyperthyroidism One of the 
most marked changes in the li\er during the experimental and clin- 
ical hyperthyroid states is a depletion of the liver glycogen * » A high 
carbohydrate diet is usually gn en to h)T)erthvroid patients in an effort 
to promote gl3’'cogen storage in the Iner 

Abehn" and Abelin, et al / showed that large amounts of casein 
eggr yolk, or jeast uould lessen the liver damage of the thyroid-fed 
anunals, and Drill'’ uas able to prevent a fal l in the liver glycogen of 

icf Praner, G H, and Bro-tni, E B, Trane Am Aisn for 


J Am Med Asm 


2 Haddock, W G , Pedersen, S , nnd CoUer, P A 

lOO, 2130 cf referencel 

a John, H. J , J -^ri Med Jssru, 1932, 09, 6^0 
A Abelm I Biochcm Z , 1930, 228, 165 

5 Abebn’ I, Knoehel, M, nnd Spiehtin, W, Bioehem 7 , 1930, 228, 189 
0 Drill, Y A, J Avtrition, 1937, 14, 366 
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results are best obtained ivith a dosage of 0 6 g of th}TOid gland per 
kg of bod} w'eight It is knowm that the amount of a itamin Bj in rat 
tissues is reduced by thyroid feeding,^® and that the th}Toid-fed 
rat also requires more of the Autamin B- complex than is supplied in 
a normal diet ' We have found this same dietarv' relationship to be 
present in the dog This indicates that the abnormal liver functions 
in the thyroid-fed dogs are related to an increased requirement for 
some of the B ntamms, w ith a probable loss in bod} stores, as judged 
by the loss of appetite This w ill be reported later in greater detail 
A subnormal amount of the B \ntamms in the diet may be at least 
partially responsible for the abnormal In er function that is observed 
in human h}q)erth}Toidism 

The results of these experiments do not mean that the B vitamins 
are the only factors related to the production of abnormal liver func- 
tion in hyperthyroid animals However, this is the first causal re- 
lationship to be established for the production of abnormal liver 
function in hyperthyroidism It is not yet know n i f a large amount of 
yeast in the diet can maintain a normal h\er function m thyroid-fed 
dogs over a long period of time Further experiments are m progress 

Coitclustons 1 Using a standard diet, with yeast of a known 
vitamm content the liver functions of dogs w as studied at t\i o levels 
of thyroid feeding 2 The production of the abnormal liver func- 
tion in hyperth}TOid dogs bears a causal relationship to the yeast m 
the diet 
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X-radiation and Growth Substances as Affecting Plant Primordial 

Tissues 

ViRGiMA C Irmne.* (Introduced by Francis Ramaley ) 

From the Department of Biology, Vnirernty of Colorado, Boulder, Colo 


Since little attention has been given to the primordial regions of 
plants as influenced b} X-radiation and chemical growth-promoting 
substances the author has earned out experiments to determine effects 
of these agencies on growing points Snow^obsened thathetero- 

lODriH, V A., Am J Physio! , 1938, 122, 4SG 

11 Peters, H nnd Rojsitcr, R J , Biochem J, 1939, 33, 1140 

12 Drill, V A , unpublished irork 
* University Scholar in Biologr 

1 Snovr, M nnd R , \ cir Phytologist, 1937, SC, 1 
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Dogs fed 0 6 gm thyroid glandjkg of body weight Two dogs 
(Nos 3 and 11) were fed this dosage Dog No 3 showed a normal 
liver function up to the 42nd day of thjToid feeding On the 42nd 
day the yeast was reduced to one-half of its amount in the diet and 
24 hours later the liver function showed 25% of dye retention On 
the 44th daj the yeast ivas removed from the diet and 24 hours later 
the test showed 150% retention of dye More than 100% retention 
of dye IS due to the fact that the colorimeter standards developed 
originally for the injection of 2 mg of dye per kg of body weight, 
have been retained even though a 5 mg dose is used It is difficult 
to differentiate the color with higher standards - The dye retention 
then dropped and remained at an average of 50% during the next 10 
days Dog No 11 showed a marked drop in appetite after the 37th 
day of thyroid feeding This indicated that the vitamin stores, in 
particular vitamin of the body were lowered and that now more 
vitamins were being metabolized than were being supplied in the 
normal diet A liver function on the 41st day gave 45% retention 

Dogs fed 0 4 g of thyroid gland/kg of body weight Dogs Nos 
2, 9, and 10 received this dosage Dog No 2 gave normal liver 
functions up to the 49th day of thyroid feeding A test on the 59th 
day shoved 25% retention The yeast was then removed from the 
diet and 24 hours later 125% retention of dye was obtained This 
dropped and remained between 25-40% during the next 10 days 
Dog No 10 showed similar results Dog No 9 gained a considerable 
amount of weight after the experiment had started, so that on his 
new weight basis he was receiving less than 0 4 g of thyroidAg of 
body weight His food intake was still above normal, and was not 
dropping, indicating that no depletion of the body stores of vitamins 
had occurred On the 57th day his liver function was still normal, 
and no fall in appetite was observed The yeast was removed from 
the diet on the 57th day and 24 hours later only 20% of dye retention 
was obseiwed, which remained at this low level during the next 5 
days This shows that without vitamin depletion, as shomi by the 
high food intake, that only a slightly abnormal liver function was 
obtained when the yeast was removed 

Discussion The results indicate a definite relationship between 
the yeast content of the diet and the liver function of thyroid-fed 
animals 

Some of the dogs maintained normal liver functions for 40-50 
days on the above diet \\ hile receiving thyroid gland, and then showed 
a marked abnormal liver function as soon as the yeast was re- 
moved In the others the liver function became abnormal, without 
removing the yeast from the diet, in about 40 to 50 days These 
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results are best obtained u ith a dosage of 0 6 g of th} roid gland per 
kg of bod} weight It is knoAvn that the amount of vitamin Bi in rat 
tissues IS reduced by th}Toid feeding,’® ” and that the th}TOid-fed 
rat also requires more of the vitamin B; complex than is supplied in 
a normal diet ’ We have found this same dietar} relationship to be 
present in the dog ’’ This indicates that the abnormal liver functions 
in the thyroid-fed dogs are related to an increased requirement for 
some of the B intamins, v ith a probable loss m body stores, as judged 
by the loss of appetite. This n ill be reported later in greater detail 
A subnormal amount of the B \ntamins in the diet may be at least 
partially responsible for the abnormal luer function that is obser\ed 
m human h}q)erth}Toidism 

The results of these experiments do not mean that the B vitamins 
are the only factors related to the production of abnormal liver func- 
tion in hyperthyroid animals Howe\er, this is the first causal re- 
lationship to be established for the production of abnormal liver 
function in hvperth}Toidism It is not } et known if a large amount of 
yeast m the diet can maintain a normal In er function in thyroid-fed 
dogs over a long period of time Further experiments are in progress 

Conclusions 1 Using a standard diet, with yeast of a known 
vitamin content, the liver functions of dogs was studied at two levels 
of thyroid feeding 2 The production of the abnormal liver func- 
tion in h}q)erthyroid dogs bears a causal relationship to the yeast m 
the diet 
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X-radiation and Growth Substances as Affecting Plant Primordial 

Tissues 

Virgin LA C Irvine.* (Introduced by Francis Ramaley ) 

From the Deparimenl of Biology, Univcrmty of Colorado, Boulder, Colo 


Since little attention has been giien to the primordial regions of 
plants as influenced b} X-radiation and chemical growth-promoting 
substances the author has earned out experiments to determine effects 
of these agencies on grow ing points Snow ’ obseri ed that hetero- 

10 Dnll, V A., Am J Physiol , 1938, 122, 480 

11 Peters, R A., and Rosoitcr E J., Biochem J , 1939, 33, 1140 

12 Dnll, V A , nnpnbhslied •work 

• UniTersity Seliolnr In Biology 

1 Snow, M nnd R., iVctr Phyloloout, 1937, 30, 1 
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auxin applied to the growing regions of certain plants caused union of 
leaf primordia, and Bausor’ describes the development of root 
primordia on stems, petioles, and apical meristem when these parts are 
treated with beta-naphthoxyacetic acid 
In the present study, seedlings of sunflower (Heltanthus annwis), 
zinnia (Zinnia elegans), and tomato (Lycopersicuin esculentnm) 
were given moderate X-ray doses (2300 to 2500 r-units for sunflower 
and zinma and up to 3000 r-umts for tomato) Plants were stunted, 
and showed rough, warty, and abnormally-shaped leaves, with fasaa- 
tton of leaves and of stems and frequent fusion of leaf primordia, as 
previously reported by Johnson ’ Often, a fe\v weeks after treat- 
ment, the menstematic region was divided into 2 or 3 parts, each with 
a separate group of primordial leaves, showing that the stem was 
about to branch Indole-S-acetic acid (0 5 to 1 0%) applied in lanolm 
paste to seedlings of the above-named species caused mcreased 
growth, and with higher concentrations (2%), a fusion of leaves 
The meristematic area either resembles that of untreated controls, or 
various leaf primordia may become joined, or else displaced from 
normal position Colchicme (QSfo) applied also in lanolm paste, 
was found to retard growth, and it induced development of rough, 
warty, and misshapen lea%es just as X-radiation does, while short 
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Cross sectionB thronch primordial regions of sunflowCT stem ^ 

B 3 treataent mth beta naRhtha^acetic 

fnd fused pnmordia (Nombera on the diagrams indicate leaf pairs ) 


2 Bansor, S G , Am J Sotany, 1939, 2«, 733 
s Jotawn, E Ia, Plant Fhytiology, 1936, 11, 319 
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TABUS I 


Effecle of beta naphtboiyacetic acid upon mmflower, tinma, and tomato 
(Hesnlts given as percentage of plants nSegted.) 


Effecta noted 

Sunflower 

Zinnia 

Tomato 

Stunted gioTvtb 

100 

100 

97 

Branching 

45 

53 

25 

Distorted leaves 

100 

100 

100 

Disturbed phyllotaxy 

84 

88 

86 

Pumon of leaves or of leaf segments 

89 

90 

8S 

Fusion of pnmordia 

75 

89 

83 

Displaced pnmordia 

70 

74 

70 

Spbttmg of apex 

25 

33 

30 

Easciation 

30 

34 

30 


malformed leaf pnmordia are also produced The effects of alpha- 
naphthox)’'acetic acid and of beta-naphthoxyacetic acid are similar to 
the effects of colchicine, but usually less pronounced The beta form 
IS more potent than the alpha, and since little has been published con- 
cerning Its action on plants a figure and table are here introduced to 
describe it 

In general, beta-naphthox) acetic acid and the other chemicals used 
m this study are found to produce results upon pnmordial plant 
tissues similar to the effects of X-radiation 
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Droplet Infection of Air High-speed Photography of Droplet 
Production by Sneezing * 

M W JennisonandH E Edgerton (Introduced by J W 

Wilhams ) 

Prom t?i« Department of Suilogy and Public SeaUh, and Department of Electrical 
Engineering, Massachusetts Institute of Technology, Cambridge, Mass 

The question of infection of air by droplets given off in coughmg 
and sneezing has received considerable attention during the last fevv 
years In particular, imestigation has been directed towards deter- 
mining the role of the air-bome droplet nuclei which result from the 
evaporation of droplets proper The bacteriological and epidemiolog- 
ical aspects have recently been discussed by Wells, Wells, and Mudd ^ 
Experimentally, little is known of certam of the characteristics of 
such droplets — their number, size, velocity, settling rate, and rate of 

• Contnbution No 163 from tho Department of Biology and Public Health. 

1 Wclla, "W P , Wella, W W , and Mudd, S , Am J Pub Beatth, 1939, 29, 863 
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evaporation — although these factors are concerned in their dissem- 
ination and the production of droplet nuclei Wells" has calculated 
theoretical settling times and distances of fall before evaporation, for 
plain \-ater droplets of various sizes suspended in still air of dif- 
ferent humidities These figures are onl> roughly applicable to actual 
conditions of air infection, since mouth spra}' and naso-pharynx 
droplets will contain some dissolved solids or be mucus-like, and the 
air will not be still Rooks* has shown experimentally that droplet 
size IS an important factor in nasal filtratton, although he knew onl> 
the theoretical differences in average size of the droplets with which 
he worked Weyrauch and Rzymkow’ski'* ha\e photographed the 
tracks of nio\ mg droplets given off in sneezing and talking The 
paths shown indicate that most of the actual droplets travel only 
relatively short horizontal distances 

We have been able, by means of high-speed photography, to “stop” 
the motion of droplets gnen off in coughing and sneezing, tlicreby 
permitting measurements of droplet size, velocity, etc The technic 
utilizes the light source and control instruments de\ eloped by Edger- 
ton, et al for stroboscopic illumination and high-speed photograph^ 
The light source, which is placed at one side of the subject’s face 
consists of a 9-inch specular reflector w’lth a spiral argon-filled tube 
through which a 56 microfarad condenser (charged to 2500 volts) 
discharges An intense flash of short duration is produced, illumi- 
nating the droplets with a dark-field effect so that they stand out 
sharply even m daylight The photographically effective duration 
of flash (exposure time) may be adjusted to the velocity ot the 
particles wdiose motion is to be stopped \n electrical contact on the 
camera shutter svnchronizes the flash vvitli the shutter motion 

Figure 1 shows the result of a sneeze at the aid ot tlie ‘down- 
stroke ’ of the head Most of the droplets have already been expelled 
of these, some 4600 mav be counted which were in the focal plane of 
the camera This photograph was taken with an ordinary camera 
on 9 X 12 cm film with an fl 1 aperture and an exposure ot I/I 5 000 
of a second In spite of tins short exposure below the nose 
may be seen the paths of droplets which moved during that time 
(Electrical characteristics of the light source account for the re- 
versed head and tail” appearance of these particle paths ) Calcula- 


2 WcUb, W F , Am J Uyg , 1934, SO, 611 
sKookB, H, J Uyg , tSSS, SO, 7 

4 Wej ranch, F , and Hrrmkow.k., J , Z / Hug « r 193S 

r> Edgerton, H E , Germeshauaen, K J , and Gncr, HE, py 

1937, 8, 2 
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Droplets risultmp from it smiri liiHtiint moons pliotogr ipli (exposure 
1/15,000 of a seiond) taken at tin ind of the “donn stroki of tlie hi id Vote 
tracks of mounE pirtuhs luneath tin nosi and the string of snlua tssuing from 
the month 

tion shows the fastest of these droplets to be mot mg at a rate of 
over 100 feet per second Such a telocUt in drv air would result m 
nearly instantaneous etaporation producing droplet nuclei The 
significance of the telocitt of expulsion m relation to evaporation is 
perhaps greater than has been appreciated it would appear to be a 
more important factor than settling telocitt 

\s regards droplet size optical considerations indicate that onl) 
those m sharp focus gite photographic images approximating the 
Init particle size The range of a ft parent diameter of the great 
majoritt of sneeze droplets before appreciable etaporation occurs 
has been determined from photographic enlargements to be l/lO to 
2 mm tvhich figures are prohahlt maxinium rather than minimum 
diameters 

We have observed that the intoluntart closing of the mouth near 
the end of a sneeze tends to produce more aud smaller droplets which 
probably come largelj from the saliva m the front of the mouth Also 
the number of droplets issuing from the nose is usuallt insignificant 
compared tv ith the number expelled from the mouth These ohsert a- 
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tions may be important in relation to infectivity, because of the dif- 
ferences in the microbic flora of the two regions 

Problems of rates of and distances to evaporation* and of mini- 
mum droplet size are being investigated 
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Effect of Repeated Injections of Cobra Venom on Blood 
Chemistry and Morphology 

David I Macht Solomon Sherman and Dorothy J Brooks 

From the PharmacoJoQicn} Research Laboratory^ Uvngojiy VTcAtcoit DunniJip, 

hic , BaUtviorc Vd 


Large doses of cobra venom were repeatedly injected in rabbits 
for periods varjing from 2 to 21 weeks and quantitative studies 
were made on the morphology and chemistry of tlieir blood The 
venom solution was usually injected 5 times a week and tlie dosage 
administered on injection vaned from 5 to 10 mouse units Inas- 
much as 5 mouse units constitute the usual therapeutic dose of cobra 
venom for human beings and 10 mouse units are employed only in 
more refractory' cases, the dosages given rabbits in the present studi 
were manifestly' enormous The results obtained from 10 rabbits 
are reported in this investigation Three of the rabbits were used as 
controls and received no cobra venom while the other 7 received the 
drug partly by the intravenous and partly' by the intramuscular route 
Rabbits of different weight were purposely selected at the beginning of 
the research but all were kept under the same conditions and fed with 
Purina Chow supplemented v\ ith fresh green vegetables Tlie cobra 
venom solution (H W &- D ) employed was prepared in these labora- 
tories and assayed by the autliors on \\ hite mice by methods described 
elsewhere’ This solution is the same as that employed by various 
authors in clinical studies published m different journals ^ Crude 
cobra venom consists largely of neurotoxin and contains relatively 
small quantities of cy'totoxic and proteoly'tic constituents m striking 


1 Mncht, Pror Kat Acnd Sc , 1936, 22, 61 

2 Mncht, MrtJ Ucc , 1936, 144, 637 
3 Mncht, Ann Ini Med, 1938, 11, 

4 Gayle and WiU.nms, f ’408 

3 Rutherford, England J Med 1939, , 

OBInck, iouDimt If J 1940, 
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contrast to the crude \enom of the Vtpcndae (Crotalus, Bothrops, 
Agkistrodon, and Russell’s Mper), which are rich m cjlotoxic and 
blood-affecting elements but contain \er) small amounts of the neuro- 
toxic substance" In the preparation of the cobra eenom solution 
cmplojed bj the authors and m the process of sterilizing it, the pro- 
teins of the crude substance are almost entirel) removed and the 
c 3 -totoxic and hcmohiic constituents are eliminated b} at least 50% 
The resultant solution of cobra \cnom therefore consists largely of 
the neurotONin w hich is quite stable and is responsible for the anal- 
gesic and other therapeutic properties of cobra \ enom This neuro- 
toxin, according to the latest chemical work on the subject, is not a 
protein but resembles the glucosides m its structure ” 

In the present stud\ the authors ha\e determined the absolute num- 
ber of erythrocj'tcs and leukocj'tes, the differential leukocyte count 
and the percentage of hemoglobin in the blood Quantitatne bio- 
chemical determinations were also made on blood urea, blood urea 
nitrogen and blood sugar b) the usual standard clinical methods 
tTolin) The results obtained are exhibited in Table I, which indi- 
cates the a\erage weight of the animals, the total amount of \enom 
injected in e-ach and the period o\er which the drug was adminis- 
tered, in addition to the data obtained from the morphological and 
biochemical examination of the blood Kidnej and Iner function 
tests were also made in these rabbits but are not mentioned in the 
table as the) haee ahead) been discussed elsewhere in these Proceed- 
ings ® It will be seen that the data set forth in the tables reeeals that 
no specific change occurred in the blood of the treated rabbits as 
compared with the normal controls and with each other Certainh 
no characteristic injuries or pathological effects were noted in the 
blood examinations The considerable anemia and high eosinophile 
count obtained in Rabbit No I were due to the parasitic fungous 
infection of the ears frequenth encountered in laborator) rabbits 
The total amount of cobra \cnom iiijecte-d in the rabbits \aricd from 
45 to 990 mou'Se units None of the rabbits treated with cobra 
\cnom reeealed an\ difference in duration of coagulation time The 
weight of the animals determined at the end of a period of experi- 
mentation differed but slight!) from that registered at the beginning 
of the research The \oung rabbits of course, increased m weight as 
thci grew older but the increment in this case w as the same as in the 
normal controls Further researches along the alxwe-mentioned 

” Voc, Ann Inirl Patinir, 190-} 18, 3S7 

s Miflipcl and RckIc, 'K al nririxfcnjrrhaftm 1938, 20, 298 

3 Mnrlit and Rriwk" Ppoc Ev, Riol. exD Mbd , 1939, 41, 418 
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lines are in progress It is interesting to note that the findings set 
forth in tlie present paper regarding rabbits injected i\ ith large doses 
of cobra \enom o^er long periods of time agree with the clinical ob- 
senations of Steinbrocker McE!achem, La Motta and Brooks'" in 
their stud} on human subjects \\ itli material supplied b} the senior 
author of the present paper These findings agree also w ith the un- 
detailed report recenth published concerning the work of French 
m\ estigators w ho tound that no change w as produced m the blood 
sugar leiel of rabbits but that a rise m blood sugar of guinea pigs 
was effected br injections of a cobra \enom preparation, regarding 
which details are not gnen " 

Suiiintar\ Large quantities of cobra \enom were injected in a 
series of rabbits for periods \ar\mg from 2 to 21 weeks Morpho- 
logical and biochemical studies on the blood re\ealed no striking 
pathological change and no specific effect on the blood picture of the 
animals as compared w ith normal controls 
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ToMcitj for Dogs of a Bactericidal Substance Derned from a 

Sod Bacdlus 

Colin M MncLeou George S Mirick \no Edw \rd C Clrnen 
( Introduced b\ Rene J Dubos ) 

/•roni </ic floxpitof of The PockefcUrr In'itttuie for ^fcdieal Se^earch \e\r 

TorL Cttu 


Dubos' has described the isolation from a sporulating soil bacillus 
of an agent which exerts a powerful bactericidal effect in vitro upon 
Gram positue bacteria and which if injected intrapentonealh affords 
protection to white mice infected b\ the same route w ith pneumocoexn 
or hemohtic streptococci Subsequenth Dubos and Cattaneo" 
reported the results of studies w ith a protein-free preparation of the 
bactericidal agent which duplicated the earlier results obtained with 
the crude proteiii-containing extract Tlie present report deals with 
the toxicite lor dogs ot a more highh purified protein-free prepara- 
tion ot the bactericidal agent injected be the iiitraeenous route The 

‘'Icinhnii k< r MoLiclurii L i Motti and Brook* J I 1/ 1 1040 114 tls 

I' lorcien Litter from Pan* J I V 1040 114 42'> 

1 Dnlio* R T J f Til Vrd loao TO 1 UuImis R T lb,, I luio TO II 
= Dulio- K I nndtnltimo < J h/i Miil ]oao TO 240 
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preparation used was active both iii vitro and in vivo (mice) against 
Gram positive bacteria 

Short-haired dogs weighing from 8 0 to 12 0 kg were chosen 
Prior to the course of injections the animals were obsen^ed for from 
1 to 2 weeks and onlj' those showing a normal temperature curve 
normal urinal) sis and normal blood picture were used Blood counts 
and urinalyses were performed daily during the course of injec- 
tions and at intervals thereafter m the animals which survived Tem- 
perature readings w ere taken at least twice daily and the ammals w ere 
weighed frequently throughout the period of observation Patho- 
logical study w'as made of all dogs which received injections of tlie 
bactericidal substance , those animals which did not die as a result of 
the injections w ere sacrificed at intervals followmg treatment The 
bactericidal substance w'as dissolved in alcohol and dilutions of tlie 
alcoholic solution in 20 cc of a 5% glucose solution m redistilled 
w'ater were used for intravenous injection The doses ranged from 
0 05 to 2 0 mg per kg (mgAg) of body w’eight per da) and injections 
were continued for 10 days in the dogs which survived (Fig 1 ) 

Six of the 8 animals receiving 0 4 mgAg or more per day died 
before tlie full course of injections was completed, the total dosage 
varying betwen 1 5 mg and 5 mgAg One dog receiving 0 5 mgAg 
died on the 42nd day after the course of injections w as begun and one 
animal which survived the 10 daily mjections of 0 4 mgAg was 
sacrificed on the 33rd day None of the 5 dogs died w Inch received 
a dosage of 0 3 mgAg or less for 10 days These were sacrificed 
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from 23 to 54 days after the course of injections was begun All of 
the animals receiving 0 3 mgAg or more per day showed well-marked 
toxic manifestations of either acute or chronic nature In the ani- 
mals receiving 0 2 mgAg or less the evidence of toxicity was of minor 
degree 

The more prominent signs of toxicity were loss of weight asso- 
ciated with anorexia, fever w hicli occurred particularly following the 
first few injections of the agent, progressive anemia, ascites, hema- 
turia and the excretion of bile in the unne In the animals which 
died acutely following injection of the larger doses (0 5 to 2 0 
mgAg) diere was marked congestion present in the lungs and ab- 
dominal viscera nith petechial hemorrhages in the heart, lungs and 
kidneys The livers showed acute central necrosis associated with 
hemorrhage and dilatation of the sinusoids Diffuse hemorrhage oc- 
curred in the spleen, with pronounced phagocytosis of red blood cells 
by the macrophages In the kidneys hemorrhage was most marked in 
the glomeruli In the animals which received daily 0 3 mgAg or 
more and which did not die acutely, the changes in the organs were 
of a more chronic nature The liver cells showed fatty degeneration 
which w as most marked about the central \ eins In these areas there 
was an increase m the reticular tissue, but cirrhotic changes were 
minimal In 2 of the animals ascites was present The only change 
noted in the organs of the animals receiving 0 2 mg/kg or less was a 
slight degree of fattj degeneration of the Iner 

Smumary \ study has been made of the toxicitj for dogs of a 
protein-free preparation of the bactericidal substance described b} 
Dubos when injected by the intravenous route Seven of the 8 ani- 
mals which recened 0 4 mgAg or more daily died as a result of the 
injections and in 6 of these death occurred before the course of 10 
dail) injections was completed All animals recenmg 0 3 mgAg or 
more showed well-marked acute or chronic changes m the liver, 
spleen, kidne\s heart and lungs Animals w'hich received dailj 0 2 
mgAg or less for 10 da-\s showed only minor evidence of toxicit} 
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preparation used was active both in vitro and in vivo (mice) against 
Gram positive bacteria 

Short-haired dogs weighing from 8 0 to 12 0 Kg were chosen 
Prior to the course of injections the animals were observ^ed for from 
1 to 2 weeks and only those shoning a normal temperature cun'e 
normal urinah'sis and normal blood picture were used Blood counts 
and urinalyses were performed daily during the course of injec- 
tions and at mten-als thereafter in the animals which survived Tem- 
perature readings were taken at least twice daily and the animals w ere 
weighed frequently throughout the period of obserration Patho- 
logical study was made of all dogs which received injections of the 
bactericidal substance, those animals w'hich did not die as a result of 
tlie injections w ere sacrificed at intervals following treatment The 
bactericidal substance was dissolved in alcohol and dilutions of the 
aicohohc solution m 20 cc of a 5% glucose solution m redistilled 
water were used for intravenous injection The doses ranged from 
0 05 to 2 0 mg per kg (mgAg) of body weight per day and injections 
were continued for 10 days in the dogs which survived (Fig 1 ) 

Six of the 8 animals receiving 0 4 mg/kg or more per day died 
before the full course of injections was completed, the total dosage 
varying betwen 1 5 mg and 5 mgAg One dog receiving 0 5 mgAg 
died on the 42nd day after the course of injections w as begun and one 
animal which sunnved the 10 daily injections of 04 mgAg w'as 
sacrificed on the 33rd day None of the 5 dogs died which received 
a dosage of 0 3 mgAg or less for 10 days These were sacrificed 
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ether anesthesia or placed under the influence of sedatives * More 
recent!} the propert} of excessne doses of insulin and metrazol to 
ehcit shock or com ulsions has been put to effecti\ e therapeutic use m 
the treatment of certain nenous disorders The precise mechanism 
of this form of therapi is still obscure Gross pathological changes 
in the brain which occur as the result of shock indicate se\ ere struc- 
tural damage to nene cells tliere is also e\idence of depressed 
cerebral metabolism since hi-pogh cemic shock diminishes the oN}gen 
utilization of brain tissue through the absence of aiailable dex- 
trose,^® whereas metrazol comailsions achieie the same effect bi 
decreasing the oxigen necessari for the combustion of this 
sugar The resulting anoxemia ma} act b} stimulating the 

siTnpathetic s}Stem" but it ma\ also affect the brain direct!} b} 
increasing cellular permeabihti In Mew of what has been said 
aboie It was decided to determine whether the protracted adminis- 
tration of a powerful h}-pnotic i c luminal or the production of 
bistemic shock b\ means of insulin or metrazol had an} effect on the 
course of poliomi ehtis in the monkei 

Erpcruncnt I Effect of luminal defrission One Rhesus monke} , 
w eighmg about 2000 g receueddaih doses of 100 to 150 mg sodium 
luminal (sodium salt of phen\ l-eth\ l-malon\ 1 urea) b} the subcu- 
taneous route beginning 3 da}S before intracerebral infection with 
pohomi ehtis \irus and continued for 7 da}s after infection An- 

s Bronfenbrenner, J , and Weiss H,J Erp iled ld24 ol7 
I* Scliniid, H, Jnn lied pnychnl 1930 04 G5S 

10 Well A, Liebert E, and Heilbrunn G Jrr/i \ rural and Pn/ch 193S 
39, 407 

11 Baker, k B trcli Pathol 193S 20 703 

1 - Weil A and Liebert E Arch \rurol and Pxi/ch loSS SO, 1108 

11 Baker, A. B ini J Pmjeh 1939,90,109 

11 Yannct H,.4rWi \ enrol and Psych , 1^)39, 42 393 

1 Ferraro A and Jervis, G A (m J Psvr/i , 1939, 90, 103 

ir Holmes E G Bwehem J 1930,24,914, 1932,20 2010 

1" Gcllhorn, E , J Am lied l/wii 1938 110 1433 

18 Wortis S B , A r Sfnfr J lied , 1938 38 1013 
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Failure of Hypnotic and Convulsive Agents to Alter the Course 
of Experimental Poliomyelitis 

Claus W Jungeblut 

from the nepi.rlmnif nf Bactcrioloav, College of Phyvemitt ami luroenii^ 
Cohimhia Vnnertity \ev Tori 


Little IS knoun concerning the metabolism of tlie central ner^ous 
s}stem in its relation to the factors which support or inhibit the 
propagation of neurotropic t iruses Yet it w ould seem that better 
k-nowdedge of the chemical reactions w hich underlie the interaction 
betw'een \irus and substrate should materially contribute to our 
understanding of the infectious process itself With the present 
analytical methods it is doubtful that a direct biochemical approach 
w'ould 3 leld any more concise data than are already on hand regarding 
such changes as disturbance in the operation of tlie oxidation-reduc- 
tion potential of Mrus-infected nen'c tissue’ * However an indi- 
rect attack of the problem ma} be feasible b\ stud} mg the eflFect ot 
comparatneh crude alterations in the central ner\ous S3stem — 
brought about bv ph} siological or pharmacological methods — on the 
evolution of the characteristic virus lesion 

One recent attempt in this direction was made by Howe and 
Bodian “ By section of the axone these authors evidentl} succeeded 
in inducing an irreversible change m the metabolism of the ncr\e 
cell which rendered the affected territory relatneh refractor\ to 
subsequent iinasion b\ polionnehtis Mriis Certain drugs also cause 
a profound derangement in the metabolic function ot the central 
iier\ous s}steni particularh the narcotics and Injinotics which arc 
capable of inhibiting the oxidation of substances essential in carbo- 
h^drate metabolism Tlie possible usefulness of drugs of tins tejK 
111 modifamg the action of neurotropic agents of disease lias not \et 
been explored except for the ohsenation that death from hotuhsni 
can be dela%ed in guinea pigs when these animals are subjected to 

1 Brodie, JI , mill Wortie S G Arch \ rural and Peach inS4 12 in., 
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hj-pogh cemic shocks during the entire course of the eKperiment The 
results are listed in Table II It appears from this table that the 
progress of the disease in the insulin-treated monkeys de\iated in no 
significant n a^ from that observed in the control animals Likewise 
histological CNamination re^ealed no fundamental difference in the 
distribution or se\ent\ of the cord lesions between the treated and 
untreated group 

Erpcnnicnt IIJ Effect of mctrazol chock One Rhesus monkey 
of 2000 g weight was injected intravenouslj’ with dailj’’ doses of 0 3 
to 0 6 cc metrazol ( 1 cc = 100 mg of penta-methj lene-tetrazol m Ifc 
sodium phosphate solution) for a period of 4 dajs following intra- 
cerebral infection with poliomyelitis \irus Another monke} of 
similar weight receued dailj injections of the same dosage of the 
drug, beginning 5 da^s before pobomjelitic infection and discon- 
tinued thereafter Two control monkejs infected with correspond- 
ing doses of Mrus ( 1 cc or 0 1 cc of a 5% Mrus suspension) but left 
untreated completed this experiment The dose of metrazol was 
large enough to induce m both animals violent clomc-tonic com-ul- 
sions which set in a few seconds after injection of the drug and lasted 
for from 5 to 10 minutes The results are gi\en in Table III It 
will be noted that parahsis de\ eloped in the treated and untreated 
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other monkey of approximate!) the same \\ eight was subjected to 
similar treatment except that tlie drug w'as administered first on the 
day of infection and maintained thereafter The amount of luminal 
given to both animals sufficed to induce profound stupor whidi lasted 
for several hours One control monkey, infected with the same dose 
of virus (0 01 cc of a 5% suspension of the RMV strain) but left 
without drug treatment, accompanied this experiment The results 
are given m Table T It w ill be seen that both experimental animals 
developed complete paral) sis in approximately the same length of time 
as did the control animal Moreoier the cord lesions were identical 
m all 3 monke\ s 

Expcrumnt U Effect of hypoglycemic ihock A total of 13 
animals w ere used in this experiment and arranged in 3 groups The 
first group consisted of 3 monkeys which recened daily closes of 
from 3 to 8 units of insulin by the intravenous route, beginning 3 days 
before intracerebral infection w'lth poliomyelitis Mrus and discon- 
tinued after infection The second group was made up of a total of 
6 monkeys all of wdiich w'ere injected dail> with similar doses of in- 
sulin beginning 3 days before infection and maintained thereafter for 
6 days The tliird group contained 4 monkeys in w'hicli insulin 
treatment of similar dosage was begun on the da) of infection and 
continued daily for a period of 4 days The abo\e experiment in- 
cluded 3 control monkeys, infected with the same dose of virus 
(0 01 cc of T 5% suspension) but left without treatment The 
amount of insulin used m these tests was sufficient to lower the blood 
sugar to the convulsn c le^ el of about 30 mg % How ever the degree 
of systemic response varied widely among different monke) s doses 
of insulin which, upon first administration, induced severe shock in 
some animals, failing to produce tlie same effect m others except as 
the result of cumulative injections In some instances of extremely 
violent symptoms it became necessary to resort to glucose administra- 
tion m order to pre^ent coma and death Because of these irregu- 
larities the number of shocks and their intensit)^ varied considerabl) 
throughout the whole series but die dosage was individualized to the 
extent that each monkey ex-perienced at least 3 moderately se\ere 

TABLE I 

Effect of Xnrcotic Dose» of »» Exi.or.mentul rohomy-l.t.B 
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In estimating the quantitj of glucuronides in the urine, Quick, 
Sherwin, etc , used reduction methods’ and assumed that the increase 
m reducing substances in the urine, produced as a result of the in- 
gestion of phenylacetic acid, was due solely to an increase in urinary 
glucuronides 

Realizing the inadequacy of such reduction methods, Sherwin* 
wrote “Unfortunately, many of the studies m glucuronic acid have 
been confined to a qualitative or ‘quantitative’ test for reducing sub- 
stances in the urine and attempts to check many of these results 
have not proved satisfactory For this reason, and because of the 
importance of glucuronic acid in processes dealing with detoxica- 
tion — the ingestion of phenylacetic acid has been suggested as a h\er 
functional test — were interested in studying the detoxication of 
phenylacetic acid by glucuronic acid, using a direct method for the 
determination of glucuronides Fortunately, this was made possible 
by the work of Maughan Evelyn, and Brow ne," who devised a photo- 
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Amonnts of Glucuronic Acid Eluninated 
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TABLE II 

Increase in Glucuronic Acid in the Lnnc ns n Kcsnlt of Feeding Plicnylucttic Acid 
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TABLE III 


Effect of Metrazol Shock on Erperimental Poliomyelitis Complete pnnilvsis in 

5 days 
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group with no perceptible difference Upon autopsy all monkeys 
showed severe lesions in the cord 

Concliision<! Neitlier the administration of narcotic doses of 
luminal nor the production of systemic shock by means of insulin or 
metrazol were capable of influencing the course of experimental 
pohomt ehtis jMoreover, the extent and set erity of the lesions m the 
spinal cord showed no significant difference between treated monkeys 
and untreated control animals Even though essentially negative, 
the above results are considered important in demonstrating that 
propagation of the virus of poliomy’elitis m the central nervous 
sy'stem is not affected by profound cy'toiogical and metabolic changes 
in the nerv'e tissue as were produced b^ the methods employed in 
this work 
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On the Detoxication of Phenylacetic Acid by Glucuronic Acid in 

Humans 


Harry Wagreich Henrv Ixamin aad Benjamlx Harrow 

From the Department of Chemtctry, Citii CoVcffe, CoUepe of the City of \ Yorl 


Using reduction methods. Quick’ w'orking w'lth dogs concluded 
that phenvlacetic acid is excreted in the form of its glucuronide to 
the exdent of 34% and a considerable portion of the remainder 
appeared in conjugation with glycine Working with human sub- 
jects, and using similar methods of determination, Ambrose Power, 
and Shenvin" claimed that by far the largest quantity eliminated is 
in combination with glutamine whereas only 5% appears to be con- 
jugated wuth glucuronic acid 


1 Quick, A. J, / Siol Chcm , 1928, 77, 681 „ „ ^ t, , 

2 Ambrose A A, Power, F W , nnd Shenvin, C D,J Diol Chcm , 033 ^ 


101 , 669 




Deto\ica.tion of Phenylacetic Acid 


469 


In estimating the quantit) of glucuronides in the urine, Quick, 
Sherwin, etc,, used reduction methods' and assumed that the increase 
in reducing substances in the urine, produced as a result of the in- 
gestion of phenylacetic acid \\ as due solelj to an increase in urinarj' 
glucuronides 

Realizing the inadequacj of such reduction methods, Shenvm* 
wrote “Unfortunately, man} of the studies in glucuronic acid have 
been confined to a qualitatixe or ‘quantitatne test for reducing sub- 
stances in the urine and attempts to check man} of these results 
have not proved satisfactor} ’ For this reason, and because of the 
importance of glucuronic acid in processes dealing with detoxica- 
tion — the ingestion of phen}lacetic acid has been suggested as a luer 
functional test — we were interested in stud}ing the detoxication of 
phenylacetic acid by glucuronic acid, using a direct method for the 
determination of glucuronides Fortunately, this w as made possible 
b\ the work of Alaughan Evel}-n, and Browme ' who de\ ised a photo- 

TABLE I 

Amounts of Glucuromc Acid Eliminated 


Mg glucuronit acid per it-Iir sample 
Dots 


Subject 

’ I 

J 

3 

4 

5* 

6 

7 

8 

■\ 

9 

A 

496 

534 

341 

437 

9t55 

539 

414 

440 

423 

B 

t.04 

508 

027 

643 

1115 

382 

470 

651 

465 

C 

418 

401 

530 

496 

992 

017 

520 

425 

421 

D 

a02 

jjI 

015 

537 

1078 

369 

333 

378 

448 

E 

289 

471 

398 

377 

951 

405 

442 

480 

535 

F 

528 

545 

499 

480 

1154 

477 

549 

549 

583 

G 

470 

503 

jG5 

658 

1007 

004 

369 

510 

423 

H 

023 

554 

708 

717 

996 

588 

574 

002 



'Ingestion of 5 g of pheniHietic and at tbe beginning of tbe atb d it 

TABLE II 

Increase m Glucuronic Acid in the inne ns n Besult of Feeding Phenylacetic Acid, 



Avg mg 

glucuronic acid 

Increase in mg glocuronic 
acid on ingestion of 5 g 

Subject 

per 24 hr in normal urines 

of phenylacetic acid 

A 


453 

512 

B 


540 

575 

C 


479 

513 

D 


467 

611 

E 


425 

526 

F 


526 

628 

G 


521 

546 

H 


G24 

372 

a Somogyi, M , i 

Biol CJiem 

1926, 70, 599 


Harrow, B , and Shcrwin, C 

P 1 Text Cool of Sioclicmislrv, 1935, p 380 

Manghnn, G B 

EvcItti, K, a , and Browne 

I S L J Bio! Clicm , 1938, 


120, 5C7 
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electric method for the quantitative estimation of glucuronic acid and 
conjugated glucuronides in human urine They made use of tlie color 
developed by the reaction of tlie glucuronide with naphthoresorcinol 
on being heated with hj drochloric acid 

The experimental procedure was as follows 24-hour urine samples 
of normal male subjects a\ ere collected for 4 daj s On the fifth daj , 
5 g of phenylacetic acid — which is as much as can be convenient!) 
tolerated — pre\iously neutralized with 0 2 molar NaOH, w'ere in- 
gested The urine w'as collected for the next 5 days The amount of 
gluairomde was determined in each 24-hour sample according to the 
method previousl) referred to ‘ The analyses w'ere carried out in a 
photoelectric colorimeter of the type described b) ^Vlthrow , Shrew s- 
bury, and Kraybill " The results with 8 subjects are shown in 
Tables I and 11 

Coticliiuoii Dealing first wnth normal (control) urines, the 
amount of glucuronic acid in 24-hour samples \aried from 350-650 
mg, w'lth an occasional low er or higher figure These results agree 
well with those obtained by Maughan Evehm, and Browne‘S and b) 
Roe and Hall ' Next, w'lth regard to the effect of ingesting 5 g of 
phenylacetic acid, w e find that this results in an average increase of 
535 mg, an amount which corresponds to a detoxication by glucuronic 
acid of 7 5% of the phenylacetic acid ingested 
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Metabolic Studies in DermatomyosiUs, with a Note on the 
Effect of Wheat Germ * 

A T Milhorat, F C Weber and V Toscani 

From the Siiesell Sage Institute of Pathology In affiliation with the hew York 
HospUal and the Departments of Medicine, Psychiatry and Pharmacology, Cornell 
University Medical Codene, Ifew York 


Patients with dermatom) ositis frequentl) have extensive changes 
111 the skin muscles and bones In addition, many patients have 
symptoms of Ravnaud’s Disease The muscular disability m der- 
matomyositis can be as marked as that occurring in advanced pr o- 

0 Withrow, B B, Shrevsbury, C L, nnd Krnybill, H R., 


A.nnl7t. Edition, 1936, S, 214 loon |o« fjon 

7 Hoe J H., and Hall, J JL, J Biol Chem 1939 , 3-9 
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gressivc muscular dystrophy witli extreme wasting and weakness On 
radiographic examination, the bones often show areas of rarefaction, 
and in some instances complete absorption of the distal phalanges of 
the fingers Deposits of calcium in the subcutaneous tissues arc a 
frequent finding Despite the extensive lesions that occur in derma- 
tomyositis, few studies of the metabolism of patients with this con- 
dition have been made 

The object of the present investigations was to obtain a clearer 
understanding of the changes occurring in the muscles and bones 
The studies included complete balances of calcium, phosphorus and 
magnesium at different levels of intake In addition, the urinary ex- 
cretion of creatinine and creatine was determined daily over periods 
of several months while the patients were receiving various substances 
that were being studied for their possible therapeutic effects 

Observatwn<; and Discnssion Calctnin, Phosphorus and Magnc- 
<!inm The data on the balance of calcium and phosphorus are 
shown in Table I The most significant finding was the relatively 
low urinary excretion of calcium in both patients Whereas the ratio 
of urinary calcium to fecal calcium in normal subjects usually is of the 
order of 1 5, the ratio in both patients was about 113 The metabo- 
lism of phosphorus is of interest, altliough probably of less signifi- 
cance, in that there appeared to be a diminished ability to store phos- 
phorus when the daily intake was around 20 g The magnesium 
balance was normal 

Creatinine and Creatine The data on the metabolism of creatinine 
and creatine arc presented briefly in the chart (Fig 1) In both 
patients, the urinary excretion of creatinine was diminished, and ap- 

TABLE I 

Balance of Calcium and Phosphoru* at Diflcront Levels of Intake 
There were C days in each period during which the diet was constant Each 
period was preceded by a preliminary period of 5 days during which the diet was 
similar to that of the experimental period 




Intake 


Output 


Balance 





Urino 

Fccos 






Ca 

P 

ciT 

P 

cT" 


Ca 

P 

Patient 

Period 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

1 

I 

1149 

1485 

01 

830 

800 

308 

-1-282 

-1-287 


TI 

103 

027 

30 

467 

214 

197 

—142 

— 37 


in 

2010 

1900 

92 

1222 

1500 

040 

-1-304 

-f 38 

O 

I 

1016 

1441 

49 

800 

700 

458 

-f207 

-1-183 


II 

102 

027 

21 

454 

188 

178 

—107 

— 3 


in 

2007 

2060 

06 

1205 

1700 

888 

-1-211 

— 33 
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electric method for the quantitative estimation of glucuronic aad and 
conjugated glucuronides in human urine Thej' made use of the color 
developed b} the reaction of the glucuronide w ith naphtlioresorcinol 
on being heated noth hydrochloric acid 

The experimental procedure was as follows 24-hour urine samples 
of normal male subjects were collected for 4 days On the fifth daj, 
5 g of phenylacetic acid — which is as mucli as can be convenient!) 
tolerated — ^prcMOusly neutralized with 0 2 molar NaOH, were in- 
gested The urine was collected for the next 5 days The amount of 
glucuronide w as determined m each 24'hour sample according to the 
method previous!) referred to “ The analyses w ere carried out in a 
photoelectric colorimeter of the Uqie described by \V ithrow, Shrew s- 
bury, and Kraybill ” The results with 8 subjects are shown in 
Tables I and II 

Cotiditsiou Dealing first with normal (control) urines, the 
amount of glucuronic acid m 24-hour samples varied from 350-650 
mg, with an occasional lower or higher figure These results agree 
well wnth those obtained by Maughan Evelyn, and Brownie' and b) 
Roe and Hall Next, widi regard to the effect of ingesting 5 g of 
phenylacetic acid, w-e find that this results in an average increase of 
535 mg, an amount w hicli corresponds to a detoxication by glucuronic 
acid of 7 5% of the phenylacetic ncid ingested 
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Metabolic Studies in Dermatomyosibs, with a Note on the 
Effect of Wheat Germ * 


A T Milhorat, F C Weber and V Toscani 

From the Russell Sage lustttutc of Patlwlogg in affllintxon mtli the Sew i ort 
Hospital, and the Vepartments of iledidne, Psgehiatry and Pharmoeologu, Cornell 
Untversilv iledical College, Rem Tori 


Patients with dermatom) ositis frequently have extensive dianges 
in the skin muscles and bones In addition, many patients ha\c 
svTnptoms of Raj-naud’s Disease The muscular disability in der- 
matomvositis can be as marked as that occurring in advanced pro- 


o Withrow, R. B, Sl.remBurj-, C L, nnd Krayblll, H B. Ind Rug Chem 

tnalyt. Edition, 1936, 8, 214. 

7Eoe J H., and Hall, J M , J' Btof Chem 1939, ‘^-3.9 
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slower rise m the creatinine excretion Concomitant i\ith these 
metabolic changes the clinical condition of the patients lmpro^ed 
steadih Muscular function increased the tightness of the skan 
diminished, and the patients were able to perform muscular tasks that 
had been impossible for a long time 

In one series of experiments a jear ago the w'heat germ was m- 
cubated w ith normal gastric juice at 37°C for about one hour before 
It was administered Patient 1 showed a definite response to wheat 
germ prepared in this manner How'e\er, untreated wheat germ 
appeared to be equah effectne when given m large amounts 
When the administration of wheat germ to Patient 2 was discon- 
tinued the creatinuria increased to the level obsened before the 
period when wheat germ was gi\en 

Tlie parenteral administration of ribofiaMii and iitamin Br dath 
for 6 w eeks w as w ithout effect 

Patients w itli demiatoni} ositis often improi e spontaneous!} How - 
e%er the results of this studi are suggestne and warrant further m- 
\ estigations along these lines Since dermatom\ ositis is a compara- 
ti\ el\ rare condition it is hoped that other w orkers w ill stud} these 
effects of wheat germ 

Suttuuary Two patients with dermatom^ ositis showed a de- 
creased excretion of urinar} calcium and an apparent impaired abilit} 
to store phosphorus The amounts of unnar}' creatinine were 
diminished proportionall} to the amounts of muscular wasting Both 
patients had considerable creatinuria and an impaired creatine toler- 
ance Prolonged administration of large amounts of wheat germ 
w as follow ed by decrease in creatinuria, increase in urinar} creatinine 
and definite clinical impro\ ement 
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TIME IN WEEKS 


Fiq 1 

nrioBr^ i rentinim 

Effect o( vlicat gerni on tlie riitio Vdmuiistrutioii of l_>' 

unnarj creotiin. 

g wheat germ daily started at "A,” and stopped at “B " 

peared to be proportional to the amount of muscular wasting In 
Patient 1, botli the amount of muscular wasting and the decrease in 
urinary creatinine were of the same order as those seen in patients in 
the advanced stages of progressive muscular dystrophy In this 
patient the amount of daily creatinine was only 0 300 g and the 
creatinine index was only 7 

Both patients excreted considerable amounts of creatine and 
showed an impaired ability to retain ingested creatine Patient 1 
with the more extensive muscular changes, excreted the larger 
amounts, namelj around 0 350 g daih and of an ingested dose of 
creatine onl} 30% uas retained 

Effect of JVlieat Germ Wheat germ uas found to have a sig- 
nificant effect on the metabolism of creatine and creatinine in both 
patients (chart ) The patients each were given 125 g of u heat germ 
mixed m tomato juice daily After a period of about 2 weeks, there 
was a striking and progressive decrease in the creatinuria with a 
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EFFECT OF OKED BEE ON SASTRtC 
HUNGER CONTRACnOHS OF DOG 
BESTMG phase. 

DOG FASTED ZS HRS 



X^ott- immediate effect imrcnsc in tom nnd prodnction of forceful eirntraetions 
after injecting whole bile into stommh dnnng quiescent phase 


EFFEer OF Nt-OLYOOKTOOESOJtreHOLATt ON 
OASTRlC HUNOER CONTRACTION* OF DOS 
RESTlNO PHASE 
00« FASTEO l» MRS 

OSES EM Hi OErcaHTOOESOXTCHOCATE « 10 CC. WATER 



INJECTION I I 

FIQ > 


Note immediate effect, increase in tone and production of forceful contraebons 
after injecting sodium a glycohyodesoi^cholnte into stomacli dnnng quiescent 
phase Effect the same as obtained with whole bile 

coh)odesox)cholate dissolved ni water are placed in a dog s stomach 
during the quiescent phase gastric hunger contractions are produced 
(Figs 1 2) This response occurred in all of 24 experiments using 
whole bile and tn all of 5 experiments using the bile salt 

On th" contrart w hen dried w hole s\\ me bile w as placed m a dog s 
stomac .1 during the contraction phase it apparent!} caused a definite 
Iiut relatnel} short inhibition of contractions m 21 of 34 experiments 
The same inhibitor} effect on gastric contractions was noted in 6 
of 13 experiments when sodium a-ghcoh\odesoxycholate was used 
The effect howeier was less marked than that obtained with whole 
bile 

Introduction of plain water to the amount of 10-15 cc caused mild 
inhibition of gastric hunger contractions m S of 26 times attempted 
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Effect of Whole Bile and Bile Salt of Swine on Gastric Motility 

of the Dog 

James M Winfield ( Introduced by T L Patterson) 

From JTio Sepaiiment of Surpeni, Wayne Vniicrtity CoUerje of Medicine, Detroit, 

Mich 


While carrying on a clinical evaluation of the effects ot feeding 
dried whole bile to patients suffering from a variety of lesions it was 
noted that the symptom of anorexia was often relieved * Sensa- 
tions of hunger occurred within a period of a few minutes to a few 
hours although in an occasional instance anorexia has been increased 
Because of these observations we conceived the possibility that gas- 
tric contractions might be affected, or even called forth from a 
quiescent stomach Accordinglv we determined to investigate the 
response to dried bile of the stomach of fasting dogs 

Method Three dogs were prepared by operation with gastric fis- 
tulae after the method of Carlson^' and after training and conditioning 
the animals, the gastric tonus and motility was measured bv the 
balloon-manometer method A condom balloon 8-10 cm in length 
was attached to the end of a No 10 catheter and a No 8 catheter at- 
tached alongside for gastric injection The catheters and balloon 
were inserted through tlie gastrostomj opening into the fundus of 
the dog’s stomach and then 50 cc of air was injected into the balloon 
and the catheter connected to a bromoform manometer The 50 cc of 
air usually created a pressure of 3-6 cm 

The gastric tonus and motility were then recorded bv Patterson’s 
kymographic ink recording method ’ 

The dried whole bile used in the experiments was swine gallbladder 
bile prepared by vacuum distillation at low temperature * As sodium 
a-glycohyodesoxycholate is the principal bile salt m sw me bile ' it was 
decided to test the effect of tins salt as well as whole bile 

From analysis of the results of the foregoing preliminarj study it 
would seem that when either dried whole swine bile or sodium a-glj- 


1 Winflcld, James M , Mich Med Sor,19I8 37 798 

2 CarlBon, A 3 , Am J Physiol , 1913, S3, 369 

3 Patterson, T L. Kongressbenchi JI dcs XPl Intinmtioiuilm Pliyumlopen 
Konnresses, S ’s 6, Angnst, 193S, Znnel. (Schvrel*) 

• SnppUed by Parke Dams and Company 

4 Indn, J Logan, Merker, Harrer Vnderson Carl I and rolmstmi { harlos 

G J Biot Clicm , 1939, 131, 439 
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Poliomyelitis Virus in Extraneural Tissue 


This effect is much the same as that obtained with the bile and sodium 
a-glycohyodesox}'cholate solutions although the bile inhibition oc- 
curred somewhat more consistently 

If the stomacli happens to be m a quiescent phase, the production 
of contractions might conceivably explain the prompt hunger sensa- 
tions and relief of anorexia seen clinically 

The mechanism is not clearly understood as yet Whether the re- 
sponse occurs because of an irritative phenomenon on the mucosa of 
the stomach or because of an effect on the intrinsic nerves cannot be 
stated at present 
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Attempts to Demonstrate Poliomyelitis Virus in Extraneural 

Tissues * 


J Emerson Kempf and Malcolm H Soule 

From the Hygienic Lahoralory, Univernly of 2{ichignn Ann Arbor 


The recover) of the Mrus of poliomyelitis from nasopharyngeal 
washings^ and the recent positive results with sewage, ‘ stools of 
poliomyelitis patients* ’ ‘ and healtliy carriers'* " has again raised 
the question of virus distribution in tissues other than those of the 
CNS Studies Yitli experimental animals have demonstrated the 
presence of viruses such as rabies* and poliomyelitis^*" in the extra- 
neural tissues folloiNing intracerebral or intravenous injections In 
the present ivork an attempt was made to recover the virus of polio- 

• Tbis ivork ivas aided bv a grant from the Clara Ward Seabnry Clinic for 


Infantile Paralysis , „ r 

1 Kramer S D , Hoskmth, B , and Qrossmann, L H , J Exp Med 1939, 60, 49 

2 Paul, j’ B , Trask, J D , and Gard, S , J Boot , 1940, 30, G3 

3 Howe H A and Bodian, D , Pace Soc E\p Biol and Med , 1939, 41, 538 

4 Kempf, J E , and Soule, M H , unpublished 

a Kramer, S D , Gilban, A G , and Molner, J G , Public nrallh Seports 1939, 
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Susceptibility of the Eastern Cotton Rat (Stgmodon htsptdus 
Itttoralts) to Diphtheric Tovin 


Claus W Jungeblut 

From the Department of Bactenologyf College of Phystciaus and Surgeons Cohtm 
hia University New YorL 


The high degree of natural resistance of the albino rat (Mus 
norvcgicvs albums) to diphtheric infection and intoxication is a 
matter of common knowledge While there may be some uncertainty 
as to the precise amount nhich rats will tolerate, all investigators 
agree that many times the lethal dose for guinea pigs of toxin or of 
virulent bacilli can be injected into rats without causing death ‘ 
Armstrong" reported that a variety of Eastern cotton rats ( Siguiodon 
htsptdus htsptdus) are apparentl} susceptible to infection with polio- 
myelitic virus There are no data on the reaction of the cotton rat 
to diphtheric infection or intoxication In view of a number of 
previous observations, all of which suggest some relationship between 
susceptibility to diphtlieria and to poliomyelitis,’ our interest was 
aroused to determine whether these rodents are as refractory to ex- 
perimental diphtheria as is the albino rat 

The cotton rats were obtained m several shipments from a dealer 
m Florida who had trapped the wild animals in the field They ap- 
peared to be a variety of Eastern cotton rats, listed as Stgtnodoii 
htsptdus Itttoralts, which is closely related to Stgmodon htsptdus his- 
ptdtis They \v ere sturdy specimens, weighing from approximately 70 
to 120 g and thrived vhen placed on a diet consisting of oatmeal 
peanuts, green \egetables and apples However upon necropsying 
animals that had died as the result of experimentation, it was 
found that they were, as a rule, heavily infected with intestinal 
and pulmonary worms and occasionally carried trypanosomes m 
their blood The latter obseriation will make the subject of another 

1 Dipbthenn Monograph, Medicnl Rescnrcli Council, London, 1923 

- Armstrong, C , Piibt Health Sep , 1939, 34, 1719 

1 (a)Zingher, A, Jm J Dii Childr , 1917, 13 , 247, (b) Jungoblut, C W , 
J /mmunot, 1934, S7, 17, (c) Foley, A It , Cavad Publ Health T , 1934,25,260, 
(d) Jungeblut, C W , /tm J ilcd Sci 1930, 102 , 001, (e) Fischer A L , and 
StiUcrman, M, Am T Dm Childr, 1937, 54, 984, (f) Dwyer, T M Med J 
ItMtralia, 1938, January 8, p 52, (g) Ilenslip, W G Audral T Exp Hwl and 
Med Set, 1938, 10 , 285, (h) Burnet, F AI , Proemnn M Tackson, \ V, and 
T ush, D Med T Jnstralia, 1939, August 5, p 198 
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myelitis from the tissues of a monke} injected intravenously 5 days 
earlier uith the Aycock strain The animal, which showed no neuro- 
logical signs, was exsanguinated and perfused with 1 liter of 0 85% 
saline solution Lung, liver, spleen, intestine, brain and spinal cord 
were removed, ground separatel} , and diluted with saline Anesthetic 
ether was added to a final concentration of 20%, and the suspensions 
were stored overnight at 5°C The supernatant fluids were decanted, 
reduced i« vacuo to one-third their original volume, and 1 5 cc ot 
each extract inoculated intracraniallj^ into Macaciis rhesus monkeys 
The liver and spleen extracts were pooled previous to injection The 
animals which received this material and the extract of lung developed 
quadnplegia m 9 and 24 dajs respectiveK The other animals re- 
mained normal The histopathology in both cases was tJiat of acute 
poliomyelitis Second transfers were successful 

Before this work could be e%aluated, an unusual amount of tissue 
became available from human autopsies t This material was sub- 


jected to similar treatment and injected mtracranially into monkejs 
(Table I) The monkets recening spleen extracts A-2130 and 
4-2136 developed neurological signs, but the histopathologj' and 
monkev transfers were negatne Small pyogenic abscesses w'ere 
present in both animals at the site of inoculation in the frontal region 
and may ha\ e caused the flaccid paralj sis ” 

Conclusion'; The technic described, while similar to that used wuth 
fair results for the isolation of the cirus from stools and naso- 


pharyngeal washings,' failed to detect the agent m extraneural tissues 
of pohom\ehtis patients Lennette’* has suggested that the virus 
may be present outside the CNS, but unidentifiable because of an 
attachment with antibodj Definite conclusions regarding the pres- 
ence or absence of virus in exTraneural tissues must aw'ait the de- 
celopment of more precise methods 

t Prom tl.e Detroit epidemic, July through October, 1939~ ' 

IS Arine C D Arch A enrol and Psveh , 1940, 43, 302 
u I^nBettc, E H , J Erp ited , 1037, 60, 549 
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detailed report b} Dr Culbertson trom this laboratorj We are 
mentioning these facts bnefl\ at this time since they maj possibly 
ha\e a bearing on the resistance of this animal to experimental!) 
induced infections and intoxications So far no laboratory -bred 
cotton rats, free from mtercurrent disease, ha% e been available 

Diphtheric infection A strain of C diphtheria; of known high 
\ irulence w as used for this \\ ork ( London graz tsl) We are indebted 
to Dr klartin Frobisher ]r of Jolms Hopkins Unn ersity for kmdh 
sending us this strain Cultures grow n for 24 hours on Lceffler slants 
m 4" X 54" tubes were suspended in saline and the bacterial emulsion 
in graded doses was injected subcutaneousK into guinea pigs, cotton 
rats and albino rats The results are gi\en m Table I It appears 
from these tests that amounts as small as 1/40 of a slant killed guinea 
pigs umforml) within 48 hours whereas 1/20 of a slant sufficed to 
cause death in the cotton rat within 5 da\s Xo deaths occurred m a 
series of albino rats injected with amounts \arMng from 1/10 ol a 
slant to as much as a full slant The lesions m guinea pigs both 
local and in the adrenal w ere pathognomonic of diphtheric death \ 
similar characteristic local lesion consisting of a gelatinous hem- 
orrhagic exudate was but rareh obtained in the cotton rat more 
often there was eMdence of a localized abscess at the jioint of in- 



Fic 1 

Local lesion in the cotton r it followinp shIh m meous injia tion of nilturi of 
( diphthcno’ 
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detailed report by Dr Culbertson from this laboratorj' We are 
mentioning these facts brief!} at this time since they ma} possibl} 
ha\e a bearing on the resistance of this animal to experimental!} 
induced infections and intoxications So far no laborator} -bred 
cotton rats, free from mtercurrent disease, ha\ e been ai ailable 

Diphtheric infection A strain of C diphtheria: of known high 
1 irulence was used for this \\ ork ( London gravis I ) We are indebted 
to Dr Martin Frobisher |r of Johns Hopkins Universit} for kmdl} 
sending us this strain Cultures grow n for 24 hours on Lceffler slants 
in 4” \ tubes were suspended in saline and the bacterial emulsion 
m graded doses was injected subcutaneous!} into guinea pigs, cotton 
rats and albino rats The results are gi\en in Table I It appears 
from these tests that amounts as small as 1/40 of a slant killed guinea 
pigs umforml} within 48 hours, whereas 1/20 of a slant sufficed to 
cause death m the cotton rat within 5 da\s \o deaths occurred in a 
senes of albino rats injected with amounts \ar\ing from 1/10 of a 
slant to as much as a full slant The lesions in guinea pigs both 
local and in the adrenal were pathognomonic of diphtheric death \ 
similar characteristic local lesion consisting of a gelatinous hem- 
orrhagic exudate was hut rareh obtained m the cotton rat more 
often there was eiidence of a localized abscess at the iiomt of in- 
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jection which yielded a pure culture of diphtheria bacilli upon trans- 
fer to suitable media This lesion is well illustrated in photograph 1 
Adrenal involvement occurred irregularly and usually was not verj 
intense Such abscesses as have just been described were regularh 
seen m sunivmg albino rats when these animals ivere sacrificed 
durmg the early intervals following infection Sjstematic obser^a- 
tions on tlie tj-pe of cellular response of the albino rat to diphtheric 
infection and subsequent changes in the morphologv' and virulence of 
the bacilli will be reported elsewhere 

Diphtheric uitoncahon The toxin employed was a sample of 
Park-\Ahlhams No 8 diphtheric toxin and w as obtained through the 
courtesy of tlie New' York Citi Department of Health At the time 
of running these tests the minimal fatal dose for guinea pigs w as 
1 cc of a 1 700 dilution Doses of toxin ranging from 2000 mfd 
to 1 mfd were injected subcutaneouslj into guinea pigs, cotton rats 
and albino rats The results are brought together m Table II It 
will be seen from the figures that cotton rats succumbed uniformlj 
to amounts of toxin as small as 5 mfd further reduction to 2 mfd 
caused the death of 2 out of 4 cotton rats while a similar number ot 
animals sunned a single fatal dose for the guinea pig As might 
ha\e been expected, albino rats tolerated inordinately larger 
amounts of toxin succumbing onlj to 1000 and 2000 mfd In har- 
mony with the results obtained with bacillarj infection, the fulh 
developed picture of the local lesion, which is so characteristic for 
guinea pigs, w'as rarelj seen in the cotton rat moreover, adrenal 
congestion usualh w as not very marked and was occasionalh' absent 
Despite prolonged observation, surviving cotton rats never exhibited 
any signs of postdiphtheric jiarahsis excepting one aiiimal which 
showed flaccid paralysis of both hind legs 6 weeks following 
injection with 1 mfd of toxin this animal died 2 days later 

The above results clearlv indicate the high systemic susceptibihtv 
of the cotton rat to diphtheric intoxication The objection might bt 
raised that some of our animals were abnormallv sensitive to the 
toxin because a certain percentage were simultaneous carriers ot 
intestinal parasites and of trv'paiiosomes Such an assumption how - 
ev'er would hardlv explain the closely graded correspondence 
throughout the entire experimental series, between the size of the 
inoculum — be it toxin or culture — and the response of the animal as 
measured by the length of its survival In order to throw more light 
on this problem another experiment was carried out m which we 
studied the local effect of the toxin follow ing endermal injection ni 
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TABLE III 

Effect of Diphtheric Toxin Injected EndofmaHy into Guinea Pigs, Cotton Rata, nnd Vlblno Ruts 

Mfd of toxin Injected cndemally, oncli dose being contnined in n uniform 
\oluiiie of 0 1 CL 
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Local lesions in thi. lotton rat foUoiiinj: (.mUriiul injection of 1 nml 1/2 mfd 
of diphtheric toxin 

guinea pigs cotton rats and albino rats The results are gi\en m 
Table III It w ill be seen that cotton rats failed to react to threshold 
doses of toxin such as 1/10 and 1/50 mfd which produce severe 
lesions on the guinea pig s skin How et er, comparable skin-reactions 
consisting of initial induration and redness follow ed by necrosis and 
ulceration were readih obtained in cotton rats b\ the injection of 




hra 3 

Skin reaction with 1 and 1/2 mfd of diphthtrn toxin in tin cotton rat (Fig 
2 enlarged) 
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Shm ronction \ntli 1/3 mid 1/10 mfd of diphtlicric toKin in tlic cotton rut 

one or mfd These reactions are clearly shown in photographs 2 
to 4 In keeping w ith pre\ lous experience, no skm-reactions were 
observed in albino rats w'lth anv of the doses of toxin included in our 
range 

Conchistous The results reported in this paper leave no doubt that 
the Eastern cotton rat is markedly susceptible to diphtheric infec- 
tion and intoxication While not equalling the extraordinary sus- 
ceptibility of the guinea pig, the cotton rat appears to be at least man} 
times more susceptible than the highl} resistant albino rat The sig- 
nificance of this observation in relation to the zoological classification 
of the cotton rat among the group of rodents remains to be deter- 
mined 
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Mucopolysaccharide Acid of Cornea and Possible Relation to the 
“Spreading Factor 


Karl Meyer and Eleanor Chaffee 

From the Department of Ophthatmologu, College of Physieians anci Surgeons 
Cohimhin Vnivcrsitv, and the Institute of Ophthalmolonu Fresh’ltcnan Hospital 

Veir Tori 


The nature of the mucopol} saccharide of the cornea has been 
much debated A number of investigators have considered it to be 
a mucoitin sulfuric acid ' while others have found no sulfuric acid" 
It Mas reported recentlj, on the basis of colorimetric analysis,* that 
the carbohydrate contained an ammo sugar and sulfuric acid, but 
galactose instead of uronic acid Most of the reports have been 
based on anahses of protein complexes (“mucoids”) or of digests 
prepared by strong alkali 

In the past M'e haie prepared this mucopolysaccharide acid in high 
} lelds both by alkaline digestion and by more gentle methods winch 
avoid the use of strong alkali * Our preparations contained one mol 
each of hexosamine acety 1, uronic acid, and sulfuric acid, and had 
the same composition and general properties as those of the niucoitin- 
sulfunc aad obtained from gastric mucosa ° Good ynelds of glucos- 
amine M’ere isolated from both acids In several important respects 
hoM^ever, the t\\ o compounds m ere found to differ ( 1 ) the acid of 
cornea alvays formed quite mscous aqueous solutions, Mhile that of 
gastric mucosa did not, (2) the specific rotation of the acid from 
cornea was about -50^, Mhile that of the gastric mucosa Mas around 
0 (4-2° to -S®! and (3) the acid from gastric mucosa was com- 
pleteh refractory to the specific enzyme from pneumococcus,* Mhile 
the polysaccharide from cornea Mas hydrolyzed by this enzyune at 

* This work wns eupported in pnrt bv n prnnt from the John and ILarv Ti 
Markle Foundation. 

iLovcnc, P A , and Ldpiz Suarei, J , I Biol Clteni 191S 'lO 105 , Movor, K 
and Palmer, J W , f Biol Clicm 1936, 114, 689 

2iIomer, C T, 2 Physiol Chem , 1893, 18 , 213, Karlberg, O., / Physiol 
Chem , 1936, S40, 55 

1 Suzuki, M , T Biorhcm ( Tnpan) 1939, 30, 183 

1 Meyer, K Cold Spring Jlarhor Symposia on Qiiantitalin Biology 193'' 
n, 91 

' Meyer, K , Smvth, E M , and Palmer, 1 W J Biol Chem 1937,110 73 

9 Meyer, K , ITobbr G Tj. Clinffce F , and Dan son M H 7 Fjp iled^ 1940 
Tl 137 
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about half the rate of hyaluronic acid From this latter finding and 
from the fact that the rotation of hyaluronic acid is similar to that 
of the cornea polysaccharide, we conclude that cornea polysaccliaride 
IS the naturally-occurring mono-sulfuric acid ester of hyaluronic 
acid 

This conclusion would seem to be significant in view of the re- 
cent report b) Cham and Duthie^ on the ‘ spreading factor” found in 
testis and bacterial filtrates According to these workers the ‘ spread- 
ing factor ’ of testis by hydrolysis reduces the viscosity of s}movial 
fluid and vitreous humor These fluids w ere shown in our laborator} 
to contain Inaluromc acid as the viscous component which is h}- 
droly/ed bj a specific enzyme obtained from pneumococci strepto- 
cocci, Cl xvclchu, and spleen The explanation of the "spreading” 
action in skin suggested by the w'ork of the English authors is that 
the “spreading factor acts on a ‘mucin present as mterfibrillar 
substance in the skin 

We were able to conhrm the findings oi phain and Duthie and 
found further that testis extracts contain an tnz\n!e which hjdrohzes 
pure hvaluronic acid as well as the poh saccharide acid of the cornea, 
while the mucoitin sulfurie aeid from gastric imitosa was found to 
he completeh rcfractor\ The concentration of the enzjme in testis 
was inferior to that of the similar in/Miie tonnd in pneumococcus 
and group A hemohtic streptococcus K further distinction is the 
prr optimum which for the bacterial eii/emes found to be S 8 
and for the testis eiizeme 4 3 with Inaluronie leid as substrate 

We believe howc\cr that the substrate in the skin on which the 
‘spreading factor exerts Us effect is not Inaluronic icid itselt but 
its sulfuric acid ester Evidence in siijiixirt of this hehet is furnished 
by the fact that such sulfuric acid esters stain meta chroinaticalK with 
Toluidine blue w bile h\ aluronic acid does not The substantia propria 
of the cornea can be stained with Toluidnic blue ind so also are the 
fibrils of the coriuni la\cr of the skin ( For a kautiful illustration 
of the meta-chromatic staining of the eornea stc. ) Further- 
more the protein complexes of such sulfuric acid esters ire \ er> much 
more stable than those of Inaluronic acid 1 Ik latter are easiK 
brought into solution in neutral medium h\ diluti salt solutions the 
former require concentrated salt solutions a more alkaline reaction 
and often as in the case of cornea a peptizing agent such as concen- 
trated urea The stabilitx of these iirotcm eonqilexes is apparenth 

'"-nmin E , anrt Dutliic, F S ^nl„rr inSfl 144 077 

« Torpes, E llnlmcri'n U nnil Wilnn'lir O / \r,lr„xL hialam hnr^rh 
Un7 42, 270 
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responsible for the failure of some authors to obtain the cornea poly- 
saccharide acid By extraction with dilute salt solution, no hyaluron- 
ic acid uas extracted from cattle skin Finally, a sulfuric aad con- 
taining polysaccharide has been obtained from skin as a protein com- 
pound giving VISCOUS solutions by Van Lier ® 

Since the sclera is similar chemically and histologically to the sub- 
stantia propria of the cornea, except for the absence of this polysac- 
charide, It becomes a problem to determine whether this polysac- 
charide IS concerned with comeal transparency 
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Gan Strophanthin Maintain Adrenalectomized Mice?* 
Ralph I Dorfman 

From the Laboratory of Phytiological Chemietry and Adolescence Study XJnvt, 
Tale University School of itedicine, Few Haven, Conn 

In a recent report by Zwemer and Lowenstein it was suggested 
that adrenalectomized cats can be maintained in good condition by 
the administration of strophanthin ^ This substance was adminis- 
tered daih in the concentration of 15 f»g per kg of body weight 

We have attempted to extend these findings to the mouse For 
these experiments 21 -day-old mice were bilaterally adrenalectomized 
A total of 140 operated animals were employed, 40 serving as unin- 
jected controls while the remaining 100 animals received various 
concentrations of strophanthin The strophanthin was dissolved in 
olive oil so that the daily dose was contained in 0 1 cc of oil Injec- 
tions w ere made subcutaneously, beginning 24 hours after the opera- 
tion and continued for 8 day s 

Table I summarizes the results of the administration of strophan- 
thm m daily concentrations of 0 02, 0 2, 2 0, 5 0, 10 0, 20 0, 50 0, and 
100 0 pg respectively Of 40 uninjected control animals, only 4 w ere 
alive on the 10th day' after adrenalectomy The average survival of 
the remaining 36 animals w'as 4 7 days T)ie administration of 
9 Vnn Lier, E H. B , 2 Fhysiol Chem , 1909, 01, 177 

* Supported in part by the Hocbefellcr Foundation and the Fluid Beseaxeb 
Fnnd of the Tale Univeraitr Scliool of Medicine 

1 Zuemer, R L., and Lowenstein, BE, Science, 1940, 01, 70 
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TABLE I 


Sumral of Adrcnaleetomized Mice Injected SubcutnneonslT with Stroplmnthm 


Amount per day, 

/le 

No of 
animats 

No of animals 
alive 10th dav 
after 

adrenalectomr 

Avg Bumval, 
days 

0 

40 

4 

4.7 (18) 

0 02 

15 

1 

3 6 (3 6) 

02 

15 

1 

3 8 (2 5) 

20 

15 

1 

4 3 (3 9) 

50 

14 

1 

422 (2 6) 

10 0 

14 

1 

4.7 (2 9) 

20 0 

13 

0 

4 5 (2 5) 

50 0 

7 

0 

2* 

100 0 

7 

0 

2* 


* All the animals in these groups were dead on the 2nd dnr after adrcnaleetomr 


desoxycorticosterone acetatef in a concentration of 0 2 mg per day 
protected 15 of a group of 17 adrenaiectomized mice 

Strophanthin proved to be ineffective in the protection of the ad- 
renaiectomized mice in any of the 8 concentrations tested No sig- 
nificant difference could be noted between the strophanthin injected 
and unmjected animals on either of the two criteria used, that is 
number of animals alive 10 days post-operative or the average sur- 
vival of those animals dying before the tenth day Strophanthin 
proved to be toxic in doses of 50 and 100 pg, respectively All the 
animals were dead within 24 hours after the first injection of stro- 
phanthin at these concentrations 

1 1 am indebted to Ciba Phammceutlcal Prodnets, Inc , for the gift of desoxy 
corticosterone acetate 
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Chemotherapeutic Evaluation of N^-n-Ac>lsulfaniI>lhydrov 

amides 


Frank B Cooper, P\el Gross and ilARiox Lewis 

From The TTestem Peiinsvhania UTospifal Inslitiiie o/ Fatholor;'/ Pilttbiiroh Pa 


The antienzjTuatic theorv of the mode of action of sulfanilamide 
and related compounds, as specificalK represented b^ their inactna- 
tion of catalase is finding increasing experimental support Such 
action, howe\er is chief!) predicated on the formation of inter- 
mediate products of oxidation of the ammo group as represented bA 
p-h)drox)laminophemlsulfonamide The present studA deals A\ith 
a new senes of sulfanilamide deriA-atues in aaIucIi the amide group 
has been oxidized and the ammo group blocked b) acylation In 
A lew of the fact that such blockage has destroAed in vitro anticatalase 
actiAit)^ and to a considerable extent the therapeutic actiAitA of pre- 
aiousIa examined deriAatnes it folioAAS that die anticatalase actni- 
ties of N*-n-AalerAl- N‘-n-caproA 1- and N'‘-n-heptanoAlsulfanilAl- 
h) droxamide* depends upon their oxidized amide groups 

Bearing m mind the fact that the hAdroxamide group is alread) 
present and does not liaAe to be formed b) the bacteria these com- 
pounds should possess powerful anticatalase and bacteriostatic prop- 
erties and because of these properties superior therapeutic actnit) 
unless changed radicalh and quickh b) the host \ studA of the 
first possibilitA will be reported b) Mam Shinn and Mellon the 
stud) of the second is reported in the present paper 

1 Locke, A , Mam E R , and Mellon R R / Immunol I93S 15 1S3 

- Locke, A , Alain E R , and Jlellon R R Sneiirc 1Q3S, SS G30 

sMam, E R , Slunn L E , and Alellon, H R Pbck Sot Esp Btou and AIed^ 
193S, 30, 272 

* Shinn, L E Mam, L R and Mellon, R R , Ibid 193S SO 391 

■ Shmn, L E Mam E R , and Alellon R R Ibid 193S 30 G-IO 

G Mellon, R R ifodern Hospital 1938 October 

■ Locke, A., and Mellon, R R , Seienrc 1939, OO 231 

s Mam E R Shmn L E and Alellon, R R Peot Sor Exp Biol, and Med , 
1939, 42, 115 

9 Alellon R R Locke A and Shmn L E Am Aim for tin Adranciment of 
Silence, 1939 11 9S Publication Xo 11 

10 Shmn, L E Mam E R and Alellon, R R Paoc So( Biol, and AIed , 

1939 42, 736 

ilAIiller, C C Aliller E and Moore AI J J Clum Soc m pre'o 

• Synthesized and donated to us bv Shnqi and Dohme Glenolden Penn 

1- Mam E R siimn I E , and Alellon R R Pnor Sqc Fxp Biol and AIed , 
1940, 43, 593 



TABLE I 

Strcptocoacie (Strain 0 203) Infection of Mice (1,000 Eatnl Doacn) 

No of doatlu daily dunng 21 days 
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Effect of Sulfhydryl and Other Reducing Compounds on De- 
carboxylation of Pyruvic Acid by Alkaline Washed Yeast * 

Louis D Greenberg and James F Rinehart 

From the Division of Pathology, University of California Medical School, San 

Francisco 

Since Grassman^ first showed that papain and kathepsins can be 
actn ated by cysteine or bj reduced glutathione man} papers ha\ e ap- 
peared in the literature dealing with the influence of sulfhydrj 1 com- 
pounds on the activity of hydrolyzing and other enzyme systems A 
search of literature has not re\ealed any researches concerned with 
the effect of these compounds on carboxylase This paper is a pre- 
hminan report on the effect of sulfhydryl and otlier reducing com- 
pounds on the actn ity of carboxylase 

The procedure used w as a modification of the metliod of Ochoa and 
Peters ■ “ks a source of carboxilase commercial baker’s yeast which 
had been air-dned with the aid of an electric fan for 3-4 hours or 
desiccated o\ er concentrated HjS 04 for several da^ s w as employed 
It was freed from cocarbox^ lase by rapid washing of the yeast 2-3 
times with M/10 Na.HPO* (25-30 cc for 0 5 g yeast), and once 
with distilled water The washed \east was suspended in 5 cc M/10 
phosphate buffer pH 6 2 Formation of CO- from pyruvic acid was 
measured manometrically at 28 ■' in air wuth conventional Warburg 
manometers attached to 1 5 cc \ essels Each vessel contained 0 5 cc 
washed ^east suspension, 0 1 mg Mg as MgS 04 in 0 1 cc of solution, 
0 2 cc sodium p%ruvate solution adjusted to pH 6 2 and containing 
5 mg pvnivic acid In each case reagents to be tested or phosphate 
buffer pH 6 2 were added to bring the total volume of fluid to 2 cc 
The pyruvate solution was tipped into the \essel after 8-12 minutes 
aeration Merck’s s-smthetic cocatboxy lase and crystalline Mtamm 
B, were used throughout the experiments t 

The results of 5 experiments dealing with the activation of alkaline 
w ashed \ east 1)\ c^ steine hy drochloride reduced glutathione, sodium 
bisulfite and phen^ llw drazine In drochloride are listed in Table I 

* Tln^ investigation lias boon supported bv tlic Clinstine Breon Fund for 
Aledieal Researeb and a donation from tlic Cnlifomia Fmit Growers Eieliangc 
1 Grossman W , Dvcberlioff, II , and \ Seboenebcek, 0,7/ Phytiol Chein , 
lOdO, ISO, 183 

- Oelioa, ^ and Peters, R A Biochrm J 1038, 32, 1501 
i Onr thanks are due to Merck and Compain for a supply of svntlictic eoiarbnv 
vlase and to Squilib and Conipanv for a supply of erystallinc thiamine 
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Mice infected A\itli 2 strains of hemol}'tic streptococci and one 
strain of T)pe II pneumococci Mere treated 3 hours after infection 
as indicated in Tables I, II, and III Any mouse Minch failed to 
shoM the infecting organism in the blood or peritoneal ca\ it} at death 
M'as excluded from the experiment The ratio of infection to treat- 
ment M'as purposely adjusted so that one-half to three-quarters of 
the sulfanilamide- or sulfapyndine-treated mice died In this Maj 
better comparatne \alues are obtained than Muth optimum treat- 
ment Such values mav also haie greater clinical significance be- 
cause of the tendency of manA clinicians to ait sulfonamide med- 
ication folloMing the first signs of impro\ement in order to mini- 
mize objectionable side reactions 

Reference to Tables I, II and III shoMS that the N^-acAlsulfanihd- 
Indroxamides are approximately equal to sulfanilamide in saMiig 
mice M'lth hemohlic streptococcic or Ti^pe II pneumococcic sepsis 

Although tlie fate of the sulfonhydroxamide group cannot be fol- 
loMed in the bod} at present all 3 compounds reduce hot Benedict 
reagent and cold ammouical siher nitrate readil} The} also un- 
dergo deacylation to the extent that mice gnen 50 mg orall} shoM 
approximate!} 10 mg % of diazotizable material calculated as sul- 
fanilamide, in the blood 2 hours later 

Conclusion N*-n-valeryl-, N‘-n-capro} 1-, and N'‘-n-heptanoyl- 
sulfanilylh}droxamide possess approximate!} the same therapeutic 
activit}^ as sulfanilamide against sepsis in mice produced by 2 strains 
of hemolytic streptococci and one strain of Type II pneumococci 
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and SH-compounds (3) The compounds may react with acetalde- 
hyde, the chief reaction product , thus removing its influence Leh- 
man and Schuster* have shown that acetaldehyde inhibits the system 
and Schubert has observed compound formation between SH com- 
pounds and the former The first possibility appears to us to be the 
most likely 

The work is being continued and will be reported in more detail at 
some future date On the basis of the present work, the assay of 
tissues and biological fluids for cocarboxylase by the method of 
Ochoa and Peters" or Goodhart and Sinclair^ may be open to question, 
since most tissues are rich in SH-compounds This may offer an 
explanation for the results obtained by Lipschitz, et al ,® who found 
that livers of polyneuritic chicks sometimes gave values for cocar- 
boxylase which were higher than those found for normal birds 
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Toxic Effect of Human Urine on Fibroblasts Growing tn vitro 
M Rachmilewitz * (Introduced by A Fischer) 

From the Rothschild Badassah Vniversity Eospital and the Department of Erpen- 
meiital Pathology (Cancer laboratories), The Bebrew University, Jerusalem 

It has long been held that urine possesses toxic properties Bou- 
chard^ demonstrated the toxicity of urine by injecting it into the 
ear vein of a rabbit, determined how much was needed to kill the 
animal, and called quantity required per kg of body weight the 
urotoxic coefficient This method came to be employed for deter- 
mining the toxicity of the urine m various physiological and patho- 
logical conditions Diminished toxicity m certain pathological con- 
ditions, especially uremia, was ascribed to the retention of toxic 
substances m the blood and was held to be tlie cause of some or all of 

1 Scliuljcrt, TI P I Diol Client , 1936, 114 , 341 
■< Lolirann, K , nnil Soliustcr, P , Bwcliem Z , 1937, 204 , 188 
t Goodhart, R S , and Sinclair, H M , Bwchrm T , 1939, 33, 1099 
Blipschitr, AI A, Potter, V R, and Ehclijom, C A, Biochcm J, 19''8, 
12, 474 

' W itli the assistance of Miss E Xussbaum 

Aided hr a prant from the Los Angeles Fund through Dr T Gollia 
1 Boucliard, quoted hr A olhard, Bcrgmnnu iiiirl Staehclin’s Bandbuch drr 
Iniirrra Mcili~in, Berlin, 1931, O, 720 
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TABLE I 

Effect of Sulfhydryl md Otlier Beducmg Agents on COo Production from Pyruvic 
Acid by Alkaline Washed Tenst 




Micro liters CO'. 

Eip No 

System Tested 

liberated 


-.5 1 


10 

10 

10 

10 

No 

No 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

No 

No 

10 

10 

10 

10 

10 

10 

10 

10 


7 

•y 027 cocarboxyiase 

•y Bj + 2 mg cysteine HOL 

^ By -j- 2 mg cysteine HCl + 0 2 y cocnrboxylase 
By, 2 mg cysteme HCl 
!y, 2 mg cvsteine HCl +027 cocarboxylase 

7 Ey 

7 By + 027 cocarboiylase 

7 By 4" 0 2 7 cocarboiylase -f 1 mg cysteine HCl 
7 By 4- 0 2 7 cocarboiylase 4-0 5 mg cysteme HCl 
7 By + 027 cocarboiylase 4- 0 25 mg cysteme HCl 
7 By 4- 0^ 7 cocarboiylase 4- 0 1 mg cysteme HCl 

7 By 

7 By + 0^ 7 cocarboiylase 

7 By 4- 0 5 mg GSH 

7 By 4- 0 5 mg GSH + 0 2 7 cocarboivlase 
7 By 4- 0 2 mg GSH 
7 By 4- 027 cocarboiylase 

7 By 

7 By -f 027 cocarboiylase 
By, no Mg 

By, no Mg, 1 mg NaHSQj- 
7 By -t- 1 mg NaHSOj 
7 By 4- 1 “'g NnHSOs -f 02 7 cocarboiylase 

7 By 

7 By -t- 0 2 7 cocarboiylase 
7 By -f 0^ mg phenylhydraimo HCl 

7 By -f 0 8 mg pbenylhydraiine HCL + 0 2 7 cocarboiy 

B 4 . 1 0 mg phenylliydranne HC 
4 By 4- 1 0 ™g phenyUiydraane HCl + 0 2 7 cocarboiy 
lase 


m 30 min 
— 11 
23 
130 
177 
111 
110 

in 45 mm 
3 

no 

208 

174 

228 

?01 

m 45 min 
— 26 
154 
82 
205 
34 
230 

m 45 mm 
— 11 
70 
1 
44 
49 
154 

in 45 mm 
— 15 
101 
3 


151 

23 


157 


From an inspection of the table it can be seen that all these substances 
markedl> stimulate the decarboxylation of pjruvic acid Similar 
effects have been obtained with H;S These compounds were found 
to be effective m amounts as low as 0 01 mg for cj'steme hydro- 
chloride, 0 1 mg for glutathione, 0 02 mg for sodium bisulfite, and 
0 2 mg for phenylhydrazme hydrochloride There are 3 possible 
explanations for the effects obsen'ed ( 1 ) Free SH-groups are essen- 
tial for the activity of the enzyme and since all these compounds are 
reducing agents tliey may convert SS-lmkages to SH-groups (2) 
The compounds, partiailarh cysteine and reduced glutathione, may 
combine y ith die substrate to render it more active Schubert’ has 
been able to demonstrate compound formation between pjruvic acid 
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the clinical s}'mptoms These experiments were the general basis 
for the conception of auto-intoxication 

The toxicit} of the urine was later clearly demonstrated b} 
Bruecke" w ho produced severe uremic sj-mptoms m dogs b} anasto- 
mosing the ureter of one kidney with the common iliac vein, the other 
kidne) remaining intact This was repeated and confirmed by Hart- 
wicli and Hessel’ and Enderlen, Zuckschwerdt and Feucht * These 
experiments led to the conclusion that the toxic effect of urine is not 
due to constituents preformed m the blood but that the urine must 
contain toxins formed in the kidnej 

More recentl) Rohdenburg and Nagi •' hav e demonstrated the pres- 
ence m normal human urine of growth-inhibiting as well as of 


grow'th-promotmg substances, using the rate of dn ision of the pro- 
tozoon Colptdiuiii campyltiin as an index 

A report is here giien of the toxic effect of normal human urine 
on fibroblasts growing in zitro The experiments were carried out 
in connection with an investigation into the toxiciti of uremic blood 
and urine, which will be reported elsewhere 

Heart fragments of uniform size from 7-da\-o!d chick embryos 
were used for explantation After 3 passages m hanging drops the) 
were transformed to flasks and culu%ated according to the standard 
method of Carrel Chick s plasma diluted w ith T) rode in the pro- 


portion 1 2 coagulated b) one drop of diluted embr)onic extract 
constituted the solid phase of the media 

Normal human urine (sp gra\it) 1025-1030) was taken from 
-various health) individuals and added in \ar)ing concentrations to 
the flasks , the diluent used w as T) rode or embr\ onic extract Tlie 
urine was’taken sterile or sterilized b) filtering through a Jena glass 
filter (5/3) The pH of the supernatant fluid of the experimental 
flasks with concentrated urine (0 5 cc urine diluted with the same 
amount of T)rode) was practicalh the same as that of the control 

flasks. It varied from 7 6 to 7 9 

In order to establish that the h)-pertonicit\ ot the concentrated 
urine does not interfere with growth the effect on growth rate of 
fibroblasts of a sodium-clilonde solution of the same specihc gra\ it) 
the urine (1026) was exammed and the experiment showed that 
tL cultures erow m this salt solution (m amounts equivalent to the 
umO JusTa^s well as m tlie control fl^vi^h T)rodc 
r — iwe, ss, lojs ~~~ — 

sBruecLe, E T , Q , Klin Wschr 1927, 3o lOiO 

^i?'‘r'7en’^«l^>>vTerdtandFeoeI.t. JTcftncr Jlcd IT.rl.r m.-g 75,30 
4 Enderlen, g j Cattc 1937, 20, 00 

0 Bolidenbnrg, G L., “vo 
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lias been shoiin that the toxicitj of urine for fibroblasts is not de- 
stroyed by heat Urine heated to 60°C and 100°C causes the same 
degree of inhibition of groyy th as unheated urine It yy as also shoyy n 
that the toxic substance in urine is non-dial} sable The addition to 
cultures of 1 cc or 0 5 cc of the residue after dialysis (correspondmg 
more or less to the same yolume of urine) results m a markel inhi- 
bition of groyy th (Fig 2A. and B), though someyyhat less than is 
seen yy ith yyhole urine 

The method described here of demonstrating the toxicit} of urine 
by Its effect on the groyyth rate of fibroblast colonies is thus exceed- 
ing!} sensitiye and enables us to measure the toxicit} of urine yyith a 
great degree of exactitude This method ma} therefore help in the 
iny^estigation of tlie nature of the toxic substance present in unne as 
yyell as the toxicity of urine in yarious pathological conditions 

SuvDiiarv A method is described of demonstrating the toxicit} 
of urine by its effect on the groyy th rate of cell colonies in vitro Nor- 
mal human urine in a dilution 1 5 completel} inhibits the groyyth of 
fibroblasts urine in a dilution of 1 50 still perceptibh inhibits their 
groyy th The cells groyy mg in media containing unne ey en in small 
concentrations exhibit signs of degeneration Heat does not destro} 
this propert} of urine The toxic substance is nondialysable 
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Effect of Concomitant Administration of Estrogens and 
Progesterone on Vaginal Smear in Man * 

Ephraim Shorr 

From the Veic Tori Hospital and the Department of iledicine, Cornell University 
Medical Collerte \ etc Tori Citu 


Of the changes in the yaginal secretion during the menstrual c}cle’^ 
those occurring m the first half concurrent yyith the groyvth and 
ripening of the oyarian follicle are most clear!} defined and best 
understood The demonstration in this laboratoix" that tlie} are 
similar to the smear changes induced in menopause and amenorrhea 

* Aided bv grants from the Council on Pharmacr and Cbemistrr of the Amcr 
lean Medical \ssocintion and the Josiah Maev, Jr , Poundatioiu Grateful 
acknowledgment is made to Dr Erwin Scliwenk of the Schermg Corporation for the 
estradiol benzoate (Progmon B), estradiol dipropionate (Progynon DP), pro- 
gesterone (Prolnton) and pregoeninolone (Pranone) used in these experiments, 
and to E R Squibb and Sms for their snpplv of estrone ( \mniotin) 
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The experiments were made with sister halves of cultures one 
half serving for the test, the other half for control The cultures 
were observed for 5-8 days, during which period the medium was 
not changed They were projected even' day and drawn and meas- 
ured with a planimeter in accordance with Ebelhng’s method The 
resulting values were used in plotting the growdh curves 

The expcruueHts showed that vonual hiDiiaji urijte causes an uiht- 
htwn of growth as 'well as degenerative changes tn the fibroblasts 
The addition of 0 5 cc urine (bringing the ratio of urine to flask 
contents to 1 5) completel> inhibits growth m the tissue fragments 
tn 'Vitro When 0 25 cc urine (final dilution 1 10) was added, a 
just perceptible growth w as observed (Fig 1 A ) After the addition 
of 0 1 cc (final dilution 1 25) there was marked growth but distinctly 
less than in the controls (Fig IB) An inhibition of growth was 
also generally noticeable with 0 05 cc urine (end dilution 1 50), 
(Fig 1C) With higher dilution of the urine up to 0 025 cc (end 
dilution 1 100) no difference was observed in the growth rate of the 
test-cultures as compared with the controls 

The colonies growing in media containing urine show' not only 
inhibition of growth but also considerable degenerative changes in 
the cells The growing zone appears dark, dense, the cells markedly 
granular, frequently loosely connected 

In cultures growmig in media containing urine and embrjonic ex- 
tract, the effect of the urine w'as practically the same as in cultures 
without embrj'onic extract 

A further series of experiments was undertaken with a view to 
investigating the nature of the urinarj' toxic substances So far it 



expenmeBt cultures 

A— growth of cnltorcs m media containuig 1 cc of the rea.duc after dialysis 

^ 1 . .. >’ ” ” “>e residue after dialjw 
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mone) caused a sloughing of the vaginal epithelium pre\ lously built 
up by estrone despite continued estrone administration 

Methods The subjects were 9 women, 3 m spontaneous meno- 
pause and 6 n ith a menopausal sjTidrome follow mg removal of the 
uterus, the ovaries, or both uterus and ovaries The same general 
procedure was followed as m a previous stud} on the peripheral 
neutralization of estrogens by androgens ' A follicular type of 
\aginal smear was induced by estradiol benzoate, estradiol dipro- 
pionate, or estrone Once this stage \\ as reached the same dose of es- 
trogen was continued along w ith progesterone, the dose of ivhich ivas 
i^ried from time to time In 2 cases pregneninolone was given b} 
mouth Vaginal smears were obtained dad} and vaginal biopsies at 
appropriate times 

Restdts As a basis for comparison with the changes induced b} 
this combined therap} a brief, though necessaril} incomplete, descrip- 
tion IS given of the most characteristic cytological changes noted b} 
Papanicolaou' during the post-ovulator}' and premenstrual phases 
fl) There is usually a progressive decrease m the number of comi- 
fied cells ivith small pyknotic nuclei and they may entirely disappear 
(2) The discrete arrangement of the cells at ovulation is replaced by 
clumps of variable density (3) The majority of the cells are of 
the intermediate undifferentiated squamous tyqie, irregularly folded 
or with curled edges They assume a \ariet\f of shapes including 
the characteristic navicular, \\ ith large, round or oval nuclei usually 
predominant (4) Leukocytes usually increase in number There 
IS a rich bacterial growth often associated with cytolysis, and the 
smears have a “dirty” appearance (5) There is an increase m 
mucus from time to time (6) Cells from the deeper layers of the 
vaginal epithelium are occasionally seen 

Definite changes were recognizable m the smear witlnn a short 
time after the institution of combined therapy In about one-half 
of the cases they were detectable in 24 hours and in the remainder 
w ithin 48 hours The follow mg changes were quite uniformly seen 

1 A leukocytosis of \anable extent was present in all of the 
cases The degree of leukocytosis \aried irregularly the smear oc- 
casionally becoming quite free of them for a day or two In Case 
H S leukocytes w ere present m small numbers m only an occasional 
smear 

2 The typical cornified cells with small pyknotic nuclei rapidly 
diminished in number and in many instances \ irtualh disappeared In 

■ Sliorr, E , PapnnicoMou, G X , nnd Stimmcl, B F,Peoc Soc Exp Bioi^ a\d 
Med , 1938, 38 , 759 
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b} the administration of estrogens indicates tliat during the first 
half of the cjcle the vaginal epithelium and secretion are largely if 
not enhrely under the control of the estrogenic hormones The 
peak effect of the estrogens as seen in the full} expressed “follicular 
picture induced after menopause can therefore, serv^e as an indev 
of the extent of spontaneous follicular activitv during the normal 
cycle, and affords a simple histological measure of ovarian function 
It can also be employed as a guide for replacement therapy with 
estrogens' and as a measure of ov^arian stimulation by gonadotropic 
agents ’ 

The changes in vaginal smear during the second half of the cvcle 
from the time of ovulation up to the next menstruation are less clear 
cut and more difficult to evaluate ' The lack of uniformity ixissiblv 
arises from the more complicated hormonal pattern of this phase of 
the cvcle The estrogenic titer falls from its mid-menstrual peak and 
except for a brief moderate rise about a w eek premenstrually' grad- 
ually sinks to the low levels characteristic of the premenstruum and 
the menstrual phase The progestational hormone now appears for 
the first time is elaborated for a period of about 10 days and then 
disappears one t6 3 days before the flow * If as is likely, the struc- 
ture of the vaginal epithelium is a resultant of the interaction of both 
groups of hormones anv variation in the tempo or the extent of their 
production could be expected to vary' the cy'tology' of the vaginal 
secretion 

The experiments reported in this paper are part of a study designed 
to analyze the influence of each of these hormonal factors on the 
structure of the vaginal epithelium and secretion during the second 
half of the cycle and to ascertain whether the vaginal smear can v leld 
specific cvtologpcal evudence of the influence of progestin Experi- 
ments with mice" and monkeys" have shown an antagonistic action 
of estrogens and progesterone on the vaginal epithelium In the 
mouse progesterone like testosterone prevented cornification when 
giv en simultaneously w ith estrone or estradiol In the monkey' pro- 
gestin (a chemicalh' impure preparation of the corpus luteum hor- 


1 Papanicolaou, G N , tm J Annf , 1933, 02, No 3 Supplement, Alay 15 
•> Pnnanicolaou, G Sliorr, E , Proc 8oo Exp Bioi, and Med , 1935, 

325^ U.m , / 0&* Gvn 1930, 31, 800 

’s Shorr, E , and Papanicolaou G N Phot Roc Exp Biol and VIed , 1939, 

E H, and Brown, J S E, Endocrinoloffy, 1937, 21, 711 
-u J M J Phimol , 1937,00, 13 

0 IB 5 aw,F L,Greep,P O , and Ferold, H J. Am J Aval 1937,61,487 
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mone) caused a sloughuig of the vaginal epithelium pre^ loush built 
up by estrone despite continued estrone administration 

Methods The subjects were 9 women, 3 in spontaneous meno- 
pause and 6 with a menopausal syndrome following removal of the 
uterus, the ovaries, or both uterus and ovaries The same general 
procedure w'as followed as in a previous stud} on the peripheral 
neutralization of estrogens by androgens ' A follicular type of 
Aaginal smear w'as induced by estradiol benzoate, estradiol dipro- 
pionate, or estrone Once this stage w'as reached the same dose of es- 
trogen W'as continued along with progesterone, the dose of w hich W'as 
varied from time to time In 2 cases pregnenmolone was given b) 
mouth Vaginal smears w'ere obtained daiK and a aginal biopsies at 
appropriate times 

Results As a basis for comparison w'lth the changes induced b} 
this combined therapy a brief, though necessarily incomplete, descrip- 
tion IS given of the most characteristic cytological changes noted b) 
Papanicolaou* during the post-ovulatory' and premenstrual phases 

( 1 ) There is usually a progressive decrease in the number of comi- 
fied cells with small pyknotic nuclei, and they may entirely disappear 

(2) The discrete arrangement of the cells at ovulation is replaced by 
clumps of variable density' (3) The majority of the cells are of 
the intermediate undifferentiated squamous ty'pe, irregularly folded 
or witli curled edges They assume a variety' of shapes including 
the characteristic navicular, with large, round or oval nuclei usually 
predominant (4) Leukocy'tes usually increase in number There 
IS a rich bacterial growth often associated w'lth cvtolysis, and the 
smears have a "dirtv” appearance (5) There is an increase in 
mucus from time to time (6) Cells from the deeper layers of the 
vaginal epithelium are occasionally' seen 

Definite changes were recognizable in the smear within a short 
time after the institution of combined therapy In about one-half 
of the cases they were detectable in 24 hours and in the remainder 
w ithm 48 hours The follow mg changes w ere quite uniformly seen 

1 A leukocy'tosis of v'ariable extent v\as present m all of the 
cases The degree of leukocy'tosis varied irregularly the smear oc- 
casionalh becoming quite free of them for a day or two In Case 
H S leukocy'tes w ere present in small numbers in onh an occasional 
smear 

2 The typical cormfied cells with small pylmotic nuclei rapidly 
diminished in number and in many instances v irtualh disappeared In 

r Shorr, E , Papanico’non, G , and Stimmel, B F , Phoc '^oe ESP Biol \nd 
Med , 1938, 38, 759 
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most of tlie smears a small number of large pale flat squamous cells 
with small pyknotic nuclei persisted In Case H S comified cells 
continued to constitute about one-fourth of the epithelial cells but 
most of them were folded and wrinkled 

3 Characteristic clumping took place early The cell aggre- 
gates were usually quite dense at the end of therapy From time to 
time vanation in the density of the clumping was seen 

4 Superfiaal squamous cells of the undifferentiated t)’pe domi- 
nated the smear picture In the earlier stages the most cliaracteristic 
change was the folding of the cell Later, curling of the edges took 
place and a variety of shapes and sizes of cells was seen such as the 
naMcular, the straplike, and even the o> ster-shaped cell uhich has 
been described as diaractenstic of pregnane) ’ In the thick smears 
there was considerable compression of the cells witli occasional ag- 
gregates such as are also seen in pregnanc\ Cells with large nuclei 
increased m number, but there was a persistence and frequent pre- 
dominance of cells of various shapes and sizes with small pvknobc 
nuclei 

5 From time to time increased mucinification was seen Bac- 
teria appeared frequently m great abundance In assoaation with 
this, there occurred c)'tolysis with large numbers of free nuclei , and 
the smears often assumed a smudg)' appearance 

6 Although a few cells from the deeper layers of the vaginal 
epithelium were usually seen at the end of combined treatment they 
were never a prominent feature 

In the 2 cases treated with pregnemnolone the changes were of a 
similar character to those seen with progesterone but were not as 
marked Apparently higher doses of this preparation should have 
been used 

A detailed description of the changes m the vaginal epithelium 
under this regime ^Mll be given in a separate report It will suffice 
here to describe the major alterations noted The biopsies taken 
during the induced follicular phase showed the typical increase in 
the haght of the epithelium as compared to the untreated state The 
intra-epithehal condensation or comification of Dierks® w as present 
and the cells of the functionalis Avere thick nailed and flattened 
Following the combined administration of estrogen and progesterone 
there was a definite increase in the height of the epithelium con- 
tributed largely by the functionalis The mtra-epithelial zone of 
comification became less prominmt and in many instances disap- 
peared The walls of the cel ls of the functio nalis became thinner, 
— no, 40 
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most of the smears a small number of large pale flat squamous cells 
■\\ ith small pyknotic nuclei persisted In Case H S comified cells 
contmued to constitute about one-fourth of the epithelial cells but 
most of tliem i\ ere folded and wrinkled 

3 Qiaractenstic clumping took place earl} The cell aggre- 
gates \\ ere usualh quite dense at the end of therap} From time to 
time variation m tlie density of the dumping was seen 

4 Superficial squamous cells of the undifferentiated t}-pe domi- 
nated the smear picture In the earlier stages the most diaractensbc 
change was the folding of the cell Later, curling of the edges took 
place and a \'ariet} of shapes and sizes of cells \\ as seen sudi as the 
naMCular, the straphke, and e\en tlie o} ster-shaped cell vhich has 
been described as diaractenstic of pregnanc} '■ In the thick smears 
tliere vas considerable compression of tlie cells vith occasional ag- 
gregates sudi as are also seen in pregnanc} Cdls %\ itli large nuclei 
increased in number, but tliere was a persistence and frequent pre- 
dominance of cells of i-arious shapes and sizes witli small piknotic 
nuclei 

5 From time to time increased mucmification was seen Bac- 
teria appeared frequentl} in great abundance In association with 
this, there occurred cdohsis witli large numbers of free nuclei and 
the smears often assumed a smudg} appearance 

6 Although a few cells from the deeper laiers of tlie \-aginal 
epithelium were usuall} seen at the end of combined treatment thei 
w ere nei er a prominent feature 

In tlie 2 cases treated w ith pregnenmolone the changes w ere of a 
similar diaracter to those seen with progesterone but were not as 
marked 4pparentl} higher doses of this preparation should haie 


beai used 

A detailed description of tlie changes in the laginal epithelium 
under tins regime will be giien m a separate report It will suffice 
here to describe the major alterations noted The biopsies taken 
during the induced follicular phase showed the tA-pical increase m 
the height of the epithelium as compared to tlie untreated state The 
intra-epitlielial condensation or comification ot Dierks* ^ as present 
and the cells of tlie functionalis w^ere tluck walled and flattened 
Follow ing tlie combined administration of estrogen and progesterone 
there was a definite increase in the height of the epithelium con- 
tributed largel} b^ the functionalis "^e mtra-epithelial zone of 
comification became less prommmt and m manr instances disap- 
peared The walls of the cells of the functionalis became thinner 
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Possible Relation of the Inclusion Body of Trachoma 
to Pathogenesis * 

L A JULIANELLE 

From the Department of Ophtlialmoloqy, ITasliington Dnnersity School of 
Medicine, St Louis, Mo 


Among other reasons for regarding the causatne agent of tra- 
choma as a ^ irus is the C}’toplasmic inclusion of the epithelial cells of 
the conjunctna and occasionally even of the cornea Marshalling 
together cMdence that is essentiall}' morphological a number of in- 
testigators beginning with Halberstaedter and Prowazek' ha\e at- 
tempted to prove that the inclusion represents a mass or “colon\ ’ of 
infectious units While conducting a broader study t on the in- 
clusion of trachoma and clinically allied diseases in this laboratory 
observations have been made by indirect approach which are suffi- 
ciently interesting on this phase of the subject to merit their publi- 
cation - 

In testing out the infective capacity of conjunctival tissues from 
different patients with trachoma monkeys in one group vv ere inocu- 
lated with individual tissues all of which were found to contain in- 
clusions In a second group monkeys were inoculated in a similar 
manner v\ ith tissues lacking inclusions In a third group, monkey s 
were inoculated with pooled tissues some of which were 
inclusion-bearing and others inclusion-deficient A study of 
the data pertinent to these experiments reveals several inter- 
esting and suggestive results Thus, 70 monkey's (Macacits 
rhestts) were inoculated with individual tissues from 37 patients, all 
containing inclusions Typical experimental trachoma occurred in 
35, or 50% of the animals tested On the other hand, 158 nionkevs 
were inoculated with separate tissues from 112 patients in whom 
inclusions were not demonstrated Of these animals 35, or 22% 
were specifically infected The pooled tissues which were derived 
from 89 patients 44 v\ ith and 45 w ithout inclusions, w ere inoculated 

* Conducted under n gmnt from tlic Commonvrcaltli Fund of Xew York 

\ A complete report will be publlsbcd in tlie -JmrncnH Journal of Ophthal 
mologu 

1 HalberstTodtor, L nnd Pro^vnzek, 8 Dcut meJ HVoch , 1007, 33, 1285 

2 For a re\TCw of the subject of inclusions in trachoma, see Julian^lle, L \ , 
The Fiiologu of Trachoma Clinp VI, The Commonwealth Fund Division of Pub 
lications, Xcw York, 1938 
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the cells wider, presenting in the most extreme cases a chickem-w ire 
appearance This picture is similar to that described by Dierks, and 
b} Traut, Bloch and Kuder° during the proliferative phase , and in the 
most extreme h} perplasias, resembles the picture seen in pregnancy" 
■where the production of both groups of hormones is at a \er}' high 
level 

SjTnptomaticall} , previous relief of tlie menopausal symptoms in- 
duced by estrogen persisted throughout the concomitant administra- 
tion of progesterone Occasionally increased fullness and tenderness 
of the breasts \\ as noticed 

Discussion It IS apparent that the concomitant administration of 
progesterone and estrogen causes profound alterations in the ^ aginal 
smear as compared with the picture seen with estrm alone Vir- 
tually all of the changes seen during the second half of the cycle are 
reproduced Since the amount of estrogen was constant throughout, 
it w'as not to be expected that the changes w'ould occur in the exact 
sequence seen during the normal cycle The inference seems war- 
ranted that the changes taking place during the second half of the 
cjxle result not only from the diminution in estrm production but 
also from the actne influence of the progestational hormone in modi- 
fying the effect of estrm on the vaginal epithelium This conclusion 
must also be true for pregnancy w'here both groups of hormones are 
present in such large amounts 

No sloughing of the epithelium as observed in the monkey was 
seen in this group of women although the proportion of progesterone 
to estrm was frequently as great as that employed in the animal ex- 
periments The human epithelium appears to be more sensitive to 
progesterone than that of the mouse m that much less progesterone 
m proportion to estrm is effective in abolishing comification 

B Traut, H F , Blocb, P W , and Kuder, A , Surg Gynec anU Obst , 1986, C3, 7 

in Stleve, H , ZUchr f mlros anal Fomch , 1925, 3, 307 
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Induction of Water Drive in Tnturus viridescetis 
With Anterior Pituitary Extract * 

C S Chadwick (Introduced b} Karl E Mason) 

From the Department of Dxologijf Vanderbilt DniiersiiVy and the Highlands 
Biological Laboratory Highlands, y C 

In certain nell established localities the American nent, Tnturus 
vindcsccns, shows two well-defined habitats m its life cjcle The 
lar\ al and adult phases In e in w ater w hile the immature phase, repre- 
senting some 3 to 5 lears of the cj'cle, Ines on land In this inter- 
esting hfe-c\ cle 2 migrations occur, that from w ater to land follow ing 
metamorphosis and that from land to water as maturity is reached 
In an attempt to determine whether or not these migrations — par- 
ticularh that from land to w ater — ^are brought about b) the endocrine 
glands Reinke and Chadwick' were able to induce the land phases 
to assume a water habitat, long before the^ would do so normally, 
b^ gn ing them intramuscular implants of pituitanes from the adults 

appropriate tests the water drne-inducing factor was shown to 
be a product of the anterior lobe of the pituitary The} w ere able to 
show later that tins action of the pituitan occurs in the absence of 
both the th\ roids and gonads " 

Is the factor which induces the water drne peculiar to Tnturus 
or IS It a hormone distributed w idelj among the \ ertebrates but w ith 
a specific effect m Tnturus’ If generallj present in the \ ertebrates, 
with what known pituitarj principles is it to be identified’ The 
nature of its effect m Tnturus is such that one is led to behe\e that 
the same pituitarj principle which is responsible for growth in the 
bod\ generalh also induces migration to w ater as matunt} is reached 
In order to test tlie presence of the water drne factor in at least one 
other rertebrate class and at the same time to test the growih hor- 
mone as possibh being the cause of it an attempt has been made to 
induce the water drne with a commercial extract of sheep pituitar} 
which contains the growth-promoting factor (Antuitnn G) A 
total of 49 land phases (red efts) of Tnturus were injected and set 
up for obseriation according to procedures preriousl} described ’ 

* Antnitrin G, Parke Dans 

1 Ecinke, E E , and Ckadmck, C S , Peoc Soc Exp Bioi,. \sd iiro insi, 
40, CQL 

- Eeinkc, E E , and Chadwick, C S , J Exp Zool 1Q40 83 223 
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into 106 monkejs and of these, 41, or 38%, were infected If the 
figures for monkejs infected in each group are plotted in the form of 
a curve, the result is practically a straight line, u ith inclusion-bearmg 
tissues inducing most infections, the inclusion-lacking tissues induc- 
ing least or approximately half as many infections, and the tissues 
pooled as indicated occup>ing an almost mathematically half-way 
position between the o extremes 

Because the above result seemed to have a certain significance, the 
data were reassembled to determine whether the same conclusions 
were approachable on some other basis Thus, of 18 separate ex- 
periments performed with tissues containing inclusions, 13, or 72%, 
were considered positive (j c , animals were specifically infected) 
Of 42 experiments conducted with material lacking inclusions, 14, 
or 33% w'ere positive, while of 24 experiments with mixed tissues, 
14, or 58%, were positive A curve representing the data runs a 
remarkably parallel course wuth that of the preceding observations 
This is not the place to discuss the possible significance of these 
results How ever, the implications are obvious that the presence of 
inclusions accompanies greatest infective capacity of trachomatous 
tissues, and the absence of inclusions the least, w'hile both tissues 
pooled approximately on a 1 1 basis approach a value half-way be- 
tween bodi — a result certainly' to be anticipated if the poolmg w'ere 
to represent a simple process of dilution While it cannot be said 
that Ae e\ idence is conclusive, the data are of sufficient magnitude to 
suggest not an accidental outcome, but an actual relation of inclusion 
to mfectivity', even to the extent that the inclusion represents an ag- 
glomeration of Mrus particles This, how'ever, is an opinion requir- 
ing further elaboration before it can be finally accepted 



509 


11246 

Induction of Water Drive m Triturus viridescens 
With Anterior Pituitary Extract* 

C S Chadwick ( Introduced b}" Karl E Mason ) 

From <?te Departmfut of Biology, Vanderbilt University and the Highlands 
Biological Laboratory, Highlands, X C 

In certain iiell established localities the American newt, Triturus 
viridescens, sho^^s Uvo well-defined habitats in its life cycle The 
Ian al and adult phases live in water %\ hile the immature phase, repre- 
senting some 3 to 5 jears of the cycle, lives on land In this inter- 
esting life-cj cle 2 migrations occur, that from \\ ater to land following 
metamorphosis and that from land to water as matuntj' is reached 
In an attempt to determine whether or not these migrations — par- 
ticularly that trom land to water — are brought about by the endocrine 
glands Reinke and Chadwick^ were able to induce the land phases 
to assume a u ater habitat long before they u ould do so normally, 
b} gn ing them intramuscular implants of pituitaries from the adults 
By appropriate tests the water dnve-inducing factor yvas shoyyn to 
be a product of the anterior lobe of the pituitary They yy ere able to 
shoyv later that this action of the pituitary occurs in the absence of 
both the thy roids and gonads ' 

Is the factor yvhich induces the yyater drive peculiar to Triturus, 
or IS it a hormone distributed yvidely among the vertebrates but yy ith 
a specific effect in Triturus’ If generally present in the vertebrates, 
yvith what known pituitary principles is it to be identified’ The 
nature of its effect in Triturus is such that one is led to beheye that 
the same pituitary^ principle yvhicli is responsible for groyvth in the 
body generally also induces migration to yvater as maturity' is reached 
In order to test the presence of the yvater drne factor m at least one 
other yertebrate class and at the same time to test the groyvth hor- 
mone as possibly being the cause of it an attempt has been made to 
induce the yyater drive yyith a commercial extract of sheep pituitary 
yyhich contains the groyvth-promoting factor (Antuitnn G) A 
total of 49 land phases (red efts) of Triturus yyere injected and set 
up for obsery ation according to procedures prey lously described ’ 

* Antuitnn G, Parke Dans 

1 Eeinke, E E , and Cbadvnck, C S , Peoc Soc E.xp Bioi~ avd ilm 1930, 
40, 091 

- Hemkc, E E , and Cliadmck, C S , J Exp Zool 1040 83 223 
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A prehminai}' test was made on 18 efts Six ranging from 60 to 
90 mm in length and given 3 iniections of 1 RU each at 48-hoiir 
intervals all entered water vithin 122 hours Six, ranging from 83 
to 95 mm in length and given 3 injections of 1 RU each at 24-hoiir 
intervals, entered vater within 92 hours Six 78 to 93 mm efts 
each given 4 RU m 2 equal amounts 24 hours apart, entered water in 
72 to 100 hours All 18 efts molted by the 3rd day folloiving the 
initial injection and all had entered water by the 5th day Their 
adaptation to water w'as apparcnth complete and by the 10th day 
their color had undergone a profound change from the red of the 
land phase to the green and yellow' of the adult w'ater stage Controls, 
either uninjected or injected w'lth tap water or Antuitrm St did not 
enter water nor did they molt nor show' anj change in color 

In an attempt to determine the threshold dosage of the extract 
necessary to induce the w ater dnyc 12 efts ranging from 50 to 90 niin 
in length, w'ere each given single injections \ arj'ing from 0 3 to 2 RU 
Eleven of the 12 entered water at intervals of 3 to 10 days Only 2 
each receiving 2 RU doses, remained permanently adapted The 
others were in and out of w’ater rather indifferentlj and, when it 
appeared that there could be no correlation betw'een dosage and time 
required to enter w'ater to stay, each eft w as given enough additional 
extract to make a total dosage of 3 units All of these efts molted 
and, w ith the exception of the one 50 mm eft w ere well adapted to 
W'ater when killed 2 to 3 weeks after the initial injection These 
observations indicate that 2 to 3 RU of Vntuitrin G are necessarj to 
induce the water drne providing the injected animals are alioie 
50 mm in length 

In order to check further tlie failure of the extract to induce small 
efts to go to water 7 efts, ranging from 46 to 55 mm m length, were 
each given 6 half-unit injections at 12-hour intervals Although all 
molted on the 2nd and 3rd days and entered water by the 6th da^ 
none of them remained consistently m w'ater during the 3-w'eek period 
of observation Additional injections of the extract failed to make 
them become completely adapted to water 

Since Antuitrm G contains both the gonadotropic and thyrotropic 
anterior pituitary factors, it was considered of interest to see if the 
extract w'ould induce the water drive m efts depri\ ed of their gonads 
and thyroids Six gonadectomized efts ranging from 75 to 90 mm 
in length and given 3 RU m 3 days responded identically with the 
animals m the prehmmary test Only' 1 of 6 thyroidectomized efts 

contams tl.e ant^'^ituitnry UkTf^tor and 

had Eeen sliova prevlonslv not to be effective in inducinR the water drive 
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of similar size and given the same treatment entered v ater and none 
molted 

To summarize brief!)', 35 large efts ranging from 60 to 95 mm m 
length, either normal or gonadectomized w ere dm en to \\ ater v ithin 
5 days b) injections of 2 to 3 RU of mammalian pituitarj extract 
Similar quantities failed to cause 8 efts less than 55 mm m length and 
5 of 6 large thjTOidectomized efts to enter ^\ ater 

While mammalian pituitarj extract does not consistent!) induce tlie 
water drue in small efts nor in efts deprived of their thyroids the 
fact that it imanabl) causes large normal or gonadectomized efts 
to migrate to water is proof that the water-drive factor is not re- 
stricted to Tnturus alone Although the return of Triturus to water 
IS necessars for reproduction, the gonads seem not to be concerned 
in any wai witli the initiation of the water-drne The failure to 
induce the w'ater dme consistent!) in th)Toidectomized efts b\ in- 
jection of mammalian extracts when implants of adult Triturus 
pituitar) readil) do so’ indicates either a species difference or that 
some qualitative change has been brought about in the mammalian 
factor due to tlie manner of extraction The failure to induce the 
drive m small efts is also quite interesting but before any conclusions 
can be drawn as to these failures a greater series of thyroidectomized 
and small efts must be injected The acceleration of the acquisition 
of adult characteristics along with the water dri\e m large efts b) 
injection and in efts of anv size b) implantation of adult Triturus 
pituitary together w ith the fact that the w ater drive is induced b) a 
recognized growth hormone-containing extract indicates that the 
growth hormone is also the w ater-drn e hormone 
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The Bactena-Free Culture of a Nematode Parasite 


R W Glaser (Introduced bj Carl TenBroeck ) 

From the Department of Animal and Plant Pathology, Poclefeller Institute for 
IMedical Besearch, Pnneeton, X J 


It has been possible for some time to grow the entire life c\cle of 
Neoaplcctana glaserip a nematode parasite of the Japanese beetle, in 
cultures in which bacterial and fungous growths have been inhibited 
in various ways but not eliminated ■ These contaminants undoubt- 
ed!} introduced a high degree of variability into the results obtained 
It therefore seemed advisable to attempt to rear this parasite in cul- 
tures free from bacteria 

Lapage'’ and Glaser and Stoll* developed technics wherebv the 
second ecd}sis of strong}doid nematode larvae was easil} and con- 
sistently obtained in quantity under sterile conditions It w as found 
necessar} to modif} one of these technics slightly for work with 
Neoaplcctana Cultures prepared m the routine manner were per- 
mitted to dev'elop for 10 to 15 days, at which time the majorit} of the 
parasites were second-stage larval forms in their third or fourth 
generation* Tliese were removed from the surface of the solid 
medium and washed with water until free of much debris To 
remove the dead larvae the} were then filtered through 2 lavers of 
lens paper supported by fine gauze The larvae were ensheathed by 
aerating them in 25 cc of w ater for 3 to 4 days with a change of clean 
water 3 times daily They were then washed m 25 cc lots of sterile 
w ater 3 times each day for 3 da} s, after w Inch the} w ere treated for 
30 minutes to 1 hour w ith Labarraque s solution ( sodium h}’po- 
chlorite) at a dilution of 1 part to 40 or 50 parts of water The 
nemas were again w'ashed 3 times in sterile water, and then placed in 


1 Sterner, G , J TVaslnngton Aead Set 1929, 10, 436 

2 Glaser,’ E W, Science, 1931, 73, 614, Cirr 211, Dept of Vgne , State of 
Nptt Jersey, 1932, Studies from The Boclefellcr Institute for Medical Besearch, 
1932 S3, 621, lIcCor, E E, and Glaser, B W, Circ 205, Dept of Agric , State 
of Nerv Jersey, 1930, McCoy, E E , and Girth, H B , Circ 285, Dept of Agric , 

State of New Jersey, 1938 , „ „ 

SLapage G, J Selni , 1936, 13, 103, Parasitology 1935, 27, 186 
4 Glaser, E W , and StoU, Norman B , J Parasit , 1940, 26, 87 
* The eMheathed second stage larva is the only stage capable of surviving free 
nature and represents the invasive form which must penetrate into a host 
( Japanese beetle grub) to continue its development 
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■ttater about 5 mm deep for from 15 to 20 hours T The next da} the 
nemas A^ere again treated with Labarraque’s solution and then 
washed 3 times, followed b} another 15 to 20 hours' sojourn m a 
small amount of w ater This w as follow ed b} a third treatment w ith 
Labarraque’s solution and 3 more washmgs with sterile water 
Finall}, the nemas were again passed through stenle lens paper, to 
remoA e anj aa onus that had died during the manipulations, and the 
A lable forms aa ere stored in shalloAA aa ater until used. 

When the aboA e procedures aa ere carefull} folloAA ed stenle larA-ae 
AAere obtained, shoAAn b} the fact that no bactenal groAAth occurred 
AA hen the} aa ere cultured on standard laborator} media under both 
aerobic and anaerobic conditions When occasional contarmnants 
appeared later after a prolonged incubation period, such cultures 
AA ere either placed aside for collateral observations or discarded 

At first It AAas thought necessar} to haAe a solid substrate to 
facilitate the moA ements and ecd} ses of Neoaplectana Neutral Aeal 
infusion agar slants ma} be used, but a simple substrate of 2% a^ar 
prepared AAith 0 5^sodium chlonde solution ansAAered just as aacII 
Ten cc of the melted agar AAere slanted m culture tubes measurmg 
180 \ 22 mm About one gram of ammal tissue, remoA ed under 
stenle conditions, aaos then placed at the base of the slant, and 2 or 
3 drops of stenle 0 5% salt solution AAere added Each tube AAas 
inoculated aa ith ± 200 of the prcAiousl} sterilized second-stage larvae 
and then sealed b} pouring melted sealing aa ax oa er the cotton stop- 
per preA iousIa tnnuned and pushed doAATi into the tube for approxi- 
mateh half an inch When hard the sealing aa ax AAas perforated b} 
a hot AA ire Sealing in this manner prcA ents excessn e eA aporation 
AA ithout excluding oxAgen Recenth aac have also sealed manv tubes 
AAith Parafilm’ perforated AAith a fcAA needle pricks and have found 
this satistactorv The sealed tubes AAere held in a slanted position 
and incubated at room temperatures, 22-28'' C 

Eighteen- to 20-da} -old mouse embr}o, beef ladne}, and rabbit 
OAar} and kidne} haAe all been found to support groAA-th The last 
proAed to be the easiest to manipulate and to giAe the best groAA-th 
Consequenth it has been used for most of the AAorL In tubes con- 
taining approximateh one gram of rabbit kidnej the tissue is almost 
completeh digested in from IS to 24 dajs, at this same period of 
incubation groAA th has reached its maximum and second-stage larvae 
predominate Cultures maA be held for at least 3 months aa ithout 
transplantation but to maintain a igorous groAA th transfers are made 

t During this time intcml A eoajileclana digested and evacuated the greater 
part of its intestinal flora 
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The Bactena-Free Culture of a Nematode Parasite 
R W Glaser (Introduced by Carl TenBroeck ) 

From the Department of Animal and Plant Pathology, Poehefeller Institute for 
Medical Pcseareh, Princeton, X J 

It has been possible for some time to grow the entire life c}'cle of 
Ncoaplcctana glascnp a nematode parasite of the Japanese beetle, in 
cultures m which bacterial and fungous growths have been inlubited 
in various wav s but not eliminated ' These contaminants undoubt- 
edly introduced a high degree of vanabilitj into the results obtained 
It therefore seemed advisable to attempt to rear this parasite in cul- 
tures free from bacteria 

Lapage^ and Glaser and Stoll’' developed technics vvherebv the 
second ecd)Sis of strongyloid nematode larvae was easilj and con- 
sistently obtained m quantity under sterile conditions It was found 
necessar) to modify one of these technics slightly for work with 
Ncoaplcctana Cultures prepared in the routine manner were per- 
mitted to develop for 10 to 15 days, at which time the majority of the 
parasites were second-stage larval forms in their third or fourth 
generation* These were removed from the surface of tite solid 
medium and washed with water until free of much debris To 
remove the dead larvae tliey were then filtered through 2 lav ers of 
lens paper supported by fine gauze The larvae w ere ensheathed by 
aerating them in 25 cc of water for 3 to 4 daj s with a change of clean 
water 3 times daily The) were then washed in 25 cc lots of sterile 
water 3 times each day for 3 dajs, after which they were treated for 
30 minutes to 1 hour with Labarraque s solution (sodium h}^^- 
chlonte) at a dilution of 1 part to 40 or 50 parts of water The 
nemas were again washed 3 times in sterile water and then placed in 

1 sterner, G , J TTashington Acad Sci , 1929, 19, 436 

2 Glaser, B "X , Science, 1931, 73, 614 Circ 211, Dept ot Vgric , State of 
Xeir Jersey, 1932, Studies from The Boclefeller Institute for Medical Sesearch, 
1932 88, 621, McCoy, E E , and Glaser, B W , Circ 265, Dept of Agric , State 
of New Jersey, 1936, McCoy, E E , and Girtli, H B , Circ 285, Dept of Agnc , 
State of New Jersey, 1938 

3 Lapage, G , J Seim , 1935, 13, 103, Parasitology, 1935, 37, 186 

4 GlnseVs W , and Stoll, Norman B , J Parasit , 1940, 20, 87 

• The ensheathed second stage larva Is the onlv stage capable of surviving free 

nature and represents the invasive form which must penetrate into a host 
(Japanese beetle grub) to continue its development 



UESOXYCORTICOSTEkONE IE lNTEbTIX\L OBSTKECTIOX dId 


acetate* on the fall in plasma \olume which occurs m acute intestinal 
obstruction m dogs " 

The dose of hormone used was arbitranh determined One or 
mg per da% is necessar-^ to sustain an adrenalectomized dog" 
Since we were dealing \^ ith a rapidh exhausting state m our experi- 
ments we injected 5 mg at the beginning of the experiment and re- 
peated the dose once or twuce at 4-hour intervals 

Rcsxdts In Table I it will be observ'ed that m dogs not receiving 
hormone the longer the distention of the small intestine continued 
the greater was the loss of plasma This averaged 35% alter 4-6 hours 
and 55% after 18-23 hours The detailed data of these experiments 
already published show no great disparitv betw een mdiv idual meas- 
urements and the average figure 

Of the 4 dogs which received desoxv corticosterone the first lost 
38% of the plasma in the first 6 hours Tliere was however no 
significant change m the follow ing 6 hours The final measurement 
showed an actual return of a large part of the lost plasma to the cir- 
culating blood — an observation never observed in continuouslv dis- 
tended dogs not receiv mg hormone The first dose of hormone m 
this dog was given intramuscularlv while all other doses in this and 
the other 3 dogs were given mtravenousl} In the second dog of 
this group there was an increase in the loss of plasma from 9% 


TABLE I 

Bistcntion of Small Intestine 
% Cliangc in Plasma Volume 



After 4 G hr 

8 12 hr 

18 23 hr 

D 

— 3G (0) 

-43 (2) 

—55 (5) 

D (Hormone) 

—38 

—10 

— IG 


— 9 

—21 

— 


— 

+49 

+24 


— o 

+ 5 

— 

E 

— 8 (7) 

— 

—12 (7) 


D — ^Distended dogs 

D (Hormone) — Distended dogs reei iving desoxTcorticosterone 
0— Control dogs withont distintion or intli distention of other hollow organs 
Figures in parentheses represent the number of separate obserrnhons, the 
results of which were averaged to obtain the accompanving figures The data of 
the D (Distended) dogs has nlrondv bein published” (Table I Group 3) The 
individual results are suflicientU ilose to justifv using the average result The 
data of the C (Control) dogs is pnrtiv from the same published dataO (Table I, 
Groups 1 and d) and from data to bt published in mIikIi the indii idual results are 
likewise suffleienth uniform to penmt use of the neengc result The hollow 
organs distended without marked loss of plasma were the colon and the gall bladder 


* We are indebted to Ciba i Co who supplied this material 
' Gendel, S , and Fine, T liimiU Siiri; lP3n, llO d”. 

•iThom, G VV , Engel, L I , and kiseiiberg II iJiiIl J B U , 04 loo 
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every 3 weeks Sterile nematodes ha\ e to date been maintained v ith- 'i 
out loss through 14 transfers or approximately 50 generations With j 
the methods pre\ lousl} used it \\ as necessarj to add certain accessory 
^owth factors m order to maintain the cultures longer than 21 to 32 j 
generations- The nematodes haie also been cultured in Erlen- 
meyer flasks containing 0 5% NaCl solution to a depth of 3 to 4 mni 
in which are placed pieces of sterile rabbit kidney, and in liquid media 
containing kidne} extracts de\oid of particulate matter 

On agar slants containing rabbit kidne}' the number of nematodes 
found after incubation for 18 da}s is approximate!} 150,000 When 
grown on Petri d'shes 5 5 cm in diameter, containing 2% dextrose 
agar and living } east, the } leld w as about 40,000 Contamination of 
the rabbit kidne} causes a marked reduction, and m some cases an 
absence, of growth 

In view' of the fact that this parasitic nematode can be grown on 
both liquid and solid media free from bacteria it will be possible to 
study its nutritional and other requirements and to test the effects of 
\arious vitamins and hormones 
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Effect of Desoxycorticosterone on Plasma Volume in 
Intestinal Obstruction 


Jacob Fine Felix Fucus and Jerome Mark 

From IJit Surgical Dcpartmcntn of ihe licth Israel nosptlal niid the Harvard 
ilcdical School, Boston, Hass 


Adrenal cortical hormone restores the reduced blood volume in 
Addison s disease’ " and pre\ eiits the drop in plasnn \ olume said to 
occur during ether anesthesia ’ ‘ This communication reports some 
experiniental obser^atlons on the effect of desoN\ corticosterone 
B W Zool , in press 

1 Thorn, G W, Hoirard E P, nncl Emerson K , Jr , J Clin Invest, 1939, 


IS 449 

’sLoeb S F, AtclUer, O W, Perrebeo, J W , nnd Ragcn, C, Trans Assn 
Am Fhus, 1939, 54, 286 

3 McAllister, F , and Thorn, G W , Paoc Sor E\p Biol a\d NIed 1937, 

^’/^gan, C,Ferrcbce, J ■« , nnd Fish, G W , Proc Soc Exp Biol and Med, 
1939, 42, 712 
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acetate’^' on the fall in plasma \olnme which occurs m acute intestinal 
obstruction m dogs 

The dose of hormone used was arbitranh determined One or 
lp 2 mg per da^ is necessar} to sustain an adrenalectomized dog” 
Since we \\ ere dealing with a rapidU exhausting state m our experi- 
ments i\e injected 5 mg at the beginning of the experiment and re- 
peated the dose once or twice at 4-hour intervals 

Results In Table I it will be observed that m dogs not receiving 
hormone the longer the distention of the small intestine continued 
the greater was the loss of plasma This averaged 35% after 4-6 hours 
and 55% after 18-23 hours The detailed data of these experiments 
already published,- show no great dispantv betw een indn idual meas- 
urements and the average figure 

Of the 4 dogs which rccened desoxj corticosterone the first lost 
38% of the plasma m the first 6 hours There was howe\er no 
significant change m the follow mg 6 hours The final measurement 
showed an actual return of a large part of the lost plasma to the cir- 
culating blood — an observation ne\er observed m contmuoush dis- 
tended dogs not receiving hormone The first dose of hormone m 
this dog was gnen intramuscularh while all other doses in this and 
the other 3 dogs w'ere gnen mtra\enousl) In the second dog of 
this group there was an increase in the loss of plasma from 9% 

TABLE I 

Distention of Small Intestine 
% Clinnge in Plasma Volume 



After 4 0 hr 

8 12 hr 

18 23 hr 

D 

—30 (9) 

^3 7 ^ 

—55 (5) 

D (Hormone) 

—38 

-40 

—1C 


— 9 

—21 

— 


— 

+49 

+24 


— 5 

+ 5 

— 

E 

— 8 (7) 

— 

—12 (7) 


D — ^Distended dogs 

D (Hormone) — Distended dogs rceiiiiiig desoxicortieosterone 
C — Alontrol dogs nitliout distention or intli distention of otlier holloa organs 
Figures in pnrentlicscs rejiresent tiu number of separate observations, the 
results of ivliich ivero averaged to obtain the aceompanring figures The data of 
the D (Distended) dogs has alreadr been published" (Table I Group 3) The 
individual results an sufileientlv dose to lustifi using the average result The 
data of the C (Control) dogs is partU from the same published dataO (Table I, 
Groups 1 and 2) and from data to be ])ublislied in ivhnh the individual results are 
likemso suflicienth uniform to permit use of the mirage result The hollow 
organs distended without marked loss of plasma uire the colon and the gall bladder 

' We are indebted to Ciba & Co mIio supplied this material 
Gendel, S , and Fine, J , Iannis Surg 103*1, llO 2S 
a Thom, G W , Fngii, L I and Fisenberg, Bull J JI 11 , ]03P, 04, 153 
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after the first 6 hours to 21% after 12 hours These figures are of 
a much lower magnitude than was obser\ed m the dogs not receiving 
hormone and to this extent the hormone may be considered to ha^ e 
exerted a protective influence In the third dog an astonishing in- 
crease in plasma above normal was noted m the 8- 12-hour period of 
distention and though not sustained in tlie subsequent interial before 
death occurred, a substantial positive effect seems to have been main- 
tained bv the hormone The measurements of plasma loss in the 
fourth dog also show' the capacity of the hormone to prevent a loss 
of plasma The effect of desoxj’corticosterone is tlierefore one of 
counterbalancing the action of the agent responsible for the loss of 
plasma 

The possible influence of other factors on the plasma lolunie 
changes are excluded by the results of a group of 7 control experi- 
ments which included 2 intact dogs under nembutal anesthesia, 2 dogs 
with obstruction but no distention, 1 dog wuth distention of the gall 
bladder, and 2 with distention of the colon None of these animals 
show’ed any marked loss of plasma at any time The obsenations m 
the last 3 dogs of this series, which suggest that the plasma loss from 
distention of a hollow viscus is more or less specific for the small in- 
testine, w ill be published elsewhere in more detail 

The apparently favorable response to the trauma of distention in 
the 4 dogs receiving hormone applies, so far as our data permit a 
judgment only to the plasma volume There was no prolongation of 
life bv the hormone This may be due to the undesirable effects of 
overdosage ' 

Conclusion The marked fall in plasma \olume obseried in dog'= 
subjected to continuous distention of the small intestine is at least 
partly prevented by' the intravenous administration of desoxycortico- 
sterone 
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Gutaneo-Visceral Vasomotor Reflexes m the Gat 
Albert Kuxtz a.xd L Axsox H^seiaaood 

From ihe 'Department of ittcroanatomp, St Loutt Untvermly School of Medicine, 

St Louts, Mo 


The use of localized cutaneous stimulation in the treatment of 
■vusceral and other deeph located lesions has been based mamh on 
empirical considerations Certain im estigators, particular!} Boas^ 
and Freude and Ruhmann," adt anced data w hich support the assump- 
tion that localized cutaneous stimulation b} means of warm applica- 
tions results in ^'asodllatatlon m the correspondmg segments of the 
gastro-mtestinal tract Certain data also support the assumption that 
localized cooling of the skin results in a asoconstnction m the Auscera 
in the corresponding segments There is no general agreement re- 
garding the Aascular reactions in the Aiscera elicited b} localized 
cutaneous stimulation or the mechanisms through Aihich such reac- 
tions are brought about 

The present senes of experiments has been carried out to deter- 
mine more accuratel} than has been indicated b} preAious studies 
Aihether appreciable circulator} changes in Aisceral organs can be 
brought about b} loocalized cutaneous stimulation and AAhether the 
changes Aihich occur represent direct effects of the stimulation em- 
ploA ed or reflex phenomena 

Decerebrate preparations of the cat haAC been used in order to 
aAoid tlie Aitiating effects of anesthesia The stimulating agents 
employed haAe been A\arm and cold applications and A’acuum cups 
applied to the skin of the back and lateral surfaces of the trunk from 
AA hich the hair had been remoA ed The circulator} changes brought 
about in the stomach and intestine AA'ere obserAcd AAith the aiscus 
exposed through a midAentral incision, and recorded bA means of 
photograph} and plethA smograph records 

Moderate cooling of the skin of the back or lateral surface by 
means of cold applications from the fifth or sixth thoracic seg- 
ment caudalAAard consistenth resulted in a asoconstriction m the 
stomach and intestine iloderate a\ arming of the skin in the same 
areas b} means of AAarm applications at approximate!} 45°C con- 
sistent!} resulted in a asodilatation in the stomach and intestine (Fig 
1 ) Stimulation of the skin b} means of Aacuum cups resulted in 


1 Boas, I , mcd IVch^chr 1Q2G, 52 34^ 

2 Froude, E*, and Rulimann ^ / / J //ct exp Z[ed 102G 52, 338 
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Pig 1 

PlctliA smograpli records of a loop of tlie small mtestine of tlie decerebrate cat 
during localized (.utancoua stimulation bt means of ivarm and cold applications. 
Initiation of stimulation is indicated bi arrows 

A, Hecorda of responses to warm applications 

B, Eecords of responses to cold applications 


tasodilatation in the corresponding portion of the gastrointestinal 
tract in approximate!) the same degree as moderate n arming of the 
skin m the same area 

Photographs of segments of the gastromtestmal tract obtained 
during intervals of vasodilatation due to local warming of the skin 
and during mterv als of local cooling of the skin, compared w ith those 
obtained in the absence of specific cutaneous stimulation indicate that 
the changes in calibre elicited b) means of the stimulation employed 
are more marked in the smaller blood vessels than in the larger ones 
Direct observations under low magnification also support this con- 
clusion The changes observed and recorded are of sufficient mag- 
nitude to warrant the conclusion that the volume of blood circulating 
through the affected segments of the gastrointestinal tract is markedly 
increased bv local warming and marked!) decreased by local cooling 
of tlie skin 

The circulator) changes in the gastrointestinal tract observed in 
these experiments cannot be explained on the assumption that the 
gastrointestinal blood vessels were influenced directlv b) the stimula- 
tion emplo)ed but must be regarded as reflex responses brought 
about through segmental and mtersegmental reflex arcs including 
s)Tnpatlietic neurons The assumption that the sympathetic nerv'es 
m question include vasodilator fibers is supported b) conclusive ex- 
perimental data (Bum) 

Stimulation of the receptors involved in cutaneo-visceral vaso- 
niotor reflexes probabl) is associated w ith changes m the tonic state 
of the cutaneous blood vessels In our experiments prolonged ap- 
plication of wami packs resulted in localized cutaneous h)q)eremia 
which persisted for some time after removal of the stimulating agent 

T^BurnT^ H , Physwl Sn 1938, 18, 137 
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During this interv'al cooling of the skin in the hj-peremic area did not 
result in i asoconstnction in the gastrointestinal tract, nor did further 
application of a %\arm pack result in increased vasodilatation in the 
viscus This is in full accord with the obseri'ation reported by 
Ruhmann^ that local i\ arming of the skin does not elicit reflex re- 
sponses of the gastrointestinal musculature until dilatation of the 
cutaneous i essels in the stimulated area has taken place 
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Response of Gonads and Gonaducts of Ambystoma Larvae 
to Treatment with Sex Hormones * 

Charl.es L Foote (Introduced by Emil Witschi ) 

From Ihe Foologtca^ Lninratory, SIntr XJnnergiiy of Iowa 


For nianj 3’ears Ambt stoma has served as an experimental animal 
in studies of sex differentiation and se\ development Such studies 
have been made pnncipallv hv means of parabiotic union of larvae 
or bv gonad transplants Since sj-nthesized cr} stalhne sex hormones 
are now av^ailable it seems of interest to determine the effects of these 
compounds upon the sexual development of the same species of sala- 
manders and to compare the results of such experiments v\ ith those 
obtained by the above mentioned methods 

First reports on effects of crystalline sex hormones on sex dif- 
ferentiation m Ambv stoma vv ere made bj Burns ’ ' v\ ho concluded 
that injection of testosterone propionate into Ambystoma pmictalum 
larvae causes genetic females to differentiate in a male direction, 
while estrone causes differentiation of genetic males m a female direc- 
tion Ackart and heavy’ obtained results similar to those of Burns 
with injections of estrone into Ambystoma tigrmum larvae 

The animals used m our study were larvae of Ambystoma macit- 
latum of two races, a differentiated race from Georgia and a semi- 
differentiated race from \rkansas and a small lot of Ambystoma 
tignnum larvae from Iowa The sex hormones used were estrone 
(Tlieehn Parke-Davis Co ) estradiol dipropionate (Diovocylm 

Rulimann, \V , Mauchen lucd TTc/iJir/ir 1^33 80, 17 
* \idcd l)T grants from llic Xatiomt Rcsianh Council, Committee for Research 
m Problems of Sex 

5 Bums, R K Aunt Jfre 1P38 71 447 
- Bums, R K, Jicr 73, 73 

1 Ackart R 7 and Leaw, v l»rO( '-or F\r Bioi and ’\Ifj> , 1030 42 720 
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Ciba), and testosterone propionate (Perandren Ciba) t These 
hormones, dissolved m absolute ethyl alcohol, were added daily to 
aquarium water m concentrations of 500 gamma per liter The 
entire lot of animals was divided into three groups, one to receive 
testosterone treatment, a second to be treated with estrogens, and a 
third to serve as controls 

The larvae of Ambystoma maculatum (Georgia) of differentiated 
race received hormonal treatment between the ages of 70 and 142 
days Ambystoma maculatum (Arkansas) larvae of semi-dilferen- 
tiated race were treated when between 57 and 110 days old Hor- 
monal treatment was stopped when these animals metamorphosed 
The tiger salamanders received treatment from the 50th day to the 
221st day, the treatment being continued 70 to 100 days after meta- 
morphosis At the time of first administration of hormone there 
were 50 control larvae, 70 animals to be treated with testosterone 
propionate, and 70 animals to receive estrogens Animals which died 
before the end of the experiment are included in data given in Table I 


TABLE L 


Treatment 

Females 

Hermaphrodites Males with cortex 

Males 

Controls 

27 

8 

G 

12 

Testosterone 

34 

8 

19 

7 

Estrogens 

63 

13 2 

0 


Some of the control males retain a vestige of cortex but otherwise 
possess typical testicular structure Some gonads of the larvae m 
the Arkansas group are of distinctl}' hermaphroditic character but 
must still be considered as genetic males (Witschi^) The gonoducts 
in control animals show no evidence of stimulation (Fig 1) The 
Wolffian ducts are developed to their full length m all larvae In 
Ambystoma maculatum only the anterior portion of the Mullerian 
ducts is present at the time of metamorphosis, but in the older A 
tignnum animals they reach the cloaca These ducts are of the 
neutral juvenal tjqie as described by Rodgers and Risley ‘ In no 
cases were the cloacal glands stimulated 

The sex ratio in the group of larvae receiving testosterone pro- 
pionate treatment remains unaltered (34 females and 34 males) 
This seems to indicate that the male hormone has little, if any, effect 
upon sex differentiation The ovaries seem to have been affected by 
the treatment m that there is no indication of the presence of an 


t We TViflh to express our thnnks to Ciba Pharmaceutical Products, Inc , and to 
>nrke Davis Co for the generous supply of sex hormones 

4 Witschi, Emil, / Zool, 1933, 05, 216 

5 Eodgera, L T , and H.sley, P D , J Morph , 1938, 63, 119 
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ovanal cavity (Fig 2) In male sex glands one observes paradoxical 
feminization effects which will be discussed in a forthcoming paper 
In all animals of this group, regardless of genetic sex, there is an 
extreme stimulation of the Wolffian duct (Fig 2) and the cloacal 
glands The Wolffian and pronephric ducts are much convoluted, 
with cr^'pts and pouches protruding from their walls, and in most 
cases the ducts are deeply pigmented and extend the full length of 
the bod} cavit} The Mullerian ducts cannot be seen in the testo- 
sterone-treated animals This picture offered by the ducts is un- 
equivocal proof that the testosterone is actually taken up from the 
water and produces characteristic effects even at very early stages of 
lar\ al development 

In estrogen-treated animals the sex ratio is definitely shifted in the 
female direction, with 53 females and 15 males These 15 “males”, 
none of which possessed typical testes, are all found among the larvae 
w Inch died relativelv early They have hermaphroditic gonads with 
testicular and ovanal features of various proportions The ovaries 
of the 53 females resemble those of controls (Fig 3) It is statisti- 
cally evident that these “females’ are of two genetical types, true 
females and sex reversed males, though morphologically they cannot 
be separated While in metamorphosed animals of control groups 
the oviducts extend through the full length of the body cavity down 
to the cloaca, in estrogen-treated animals of same age they often end 
blindly before reaching the cloaca This inhibition m longitudinal 
growth IS m contrast to the considerable inflation and consequent 
enlargement in diameter of these oviducts (Fig 3) At the larv'al 
stage only the upper parts of the oviducts, growing down from the 
pronephric region arc present and exposed to hormonic influences 
These cranial parts are moderatel) enlarged in most cases The 
Wolffian ducts and cloacal glands retain a condition as in animals 
receiving no hormonal treatment The appearance of the oviducts 
IS sufficient proof that like the testosterone the estrogenic hormones 
arc also taken up b) the larv'ae 

Coiic/k 910)1 r The presented data indicate that estrogens produce 
sex rev ersal in male salamanders w hile testosterone propionate exerts 
no corresponding influence upon genetical females 'ks in adult 
animals the se-condarv sex characters respond also m the larval 
'^ilamanders to the administration of sex hormones The female 
hormone stimulates shghtlv the larv’al Mullerian ducts, and the male 
hormone causes an extensive and very precocious stimulation of the 
larval Wolffian ducts and cloacal glands It is remarkable that the 
estrogens affect most profoundl} the male gonads and the testosterone 
the male secondarv sex characters Tire hormones do not induce 
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Fig 1 

Cross section throngli the gonads and gonoducts of A fipnnum control female 
Xotc unstimulated ilnllenan ducts (m) and WolfBan ducts (■w) 

Fig 2 

Cross section through the gonads and gonoducts of A iignnum female treated 
ivith testosterone propionate for 171 days Xote absence of Mullerian ducts and 
stunnlated 'WotfiBan ducts (it) and close resemblance of the right duct (left in the 
picture) to the frog seminal vesicle 


Fig 3 

Cross section through the gonads and gonoducts of A iignnum female treated 
with estradiol dipropionate and theelm for 171 davs Xote stimulated MuUenan 
ducts (m) and unstimulated IVoIfHan ducts (w) AH figures X25 

original formation of gonoducts thej stimulate onlj the secondar} 
(functional) enlargement of parts of ducts already present It has 
been shottn bj means of parabiosis that the testes of males release 
some inductne substance which inhibits the development of the 
ov'anes of female cotvyins and indirectly may cause some genetic 
females to continue dev elopment in a male direction ® On the other 
hand in the male-female parabiotic combinations there is no preco- 
cious stimulation of either gonoducts or cloacal glands These fun- 
damental differences in the observed reactions prove that the crystal- 
line sex hormones used in this experiment cannot be identical with 
the substances which normally act as inductors of sex differentiation 
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Effect of Foods on Serum Esterase of Rats 
J C Forbes E L Outhocse vxd B E Le-vch 

From the Department of Biochemtsini Medical College of Cirginia, Sichmond, To 

In a previous publication^ it was reported that the tnbutvTin 
splitting property (here called esterase concentration) of the serum 
of rats IS markedly increased after poisoning with carbon tetra- 
chloride and after feeding a high fat diet On the other hand sub- 
stances such as xanthine y\ hich exert a protectiv e action on the liv er 
against carbon tetrachloride will when subcutaneously injected into 
rats definitely lower the serum esterase concentration Before pro- 
ceeding further w ith the investigation into the possible significance of 
the serum esterase change in the animal’s resistance to carbon tetra- 

®yVitschi, Emit, iffen ^ Sex and Internal Secrclioni Bnltiraore 1^31 2nd ed , 
147 

1 Forbes, J C , and Onthonse, E L , J Pharm and Exp Therap , 1940, C8, 185 



524 


Effect of Foods on Serum Esterase of Rats 


diloride, it was necessary to study m greater detail the effect of 
various foods on the esterase concentration, laying particular em- 
phasis on the changes resulting from the administration of single 
doses of fatty substances In our previous recorded experiments tlie 
animals were kept on the high fat diet for a number of days and 
were allowed food up to the time of sacrificing 

The results herein presented deal with the effect of single doses of 
various foods on previously starved animals They show that non- 
hpoid food stuffs, sucrose, glycerol and proteose-peptone exert no 
demonstrable effect on the serum esterase while neutral fats or fatty 
acids markedly increase it No significant change was obtained in any 
case in the neutral fat phospholipid or cholesterol content of the liver 

Experimental Rats weighing approximate!} 200 g, after being 
starved for the previous 24 hours were given the various supplements 
by stomach tube, except m the case of the Purina and Purina plus 
40% butter fat diets In these cases the required amount of food was 
fed early in the morning and only animals which consumed practically 
the whole amount in at least an hour and one-half w ere used for the 
various studies The scrum esterase, liver neutral fat, total phospho- 
lipid and cholesterol w'crc determined by the methods previously de- 
scribed * ‘ The experimental results are shown in Tables I, II, and III 

It will be seen from the results recorded in Tables I, II and III that 
the administration of non-lipoid foods does not measurably affect 
the tribut\Tin-hydrol}zing power of the rat’s serum Glucose has 
also been used and found to be inactive The administration of fats, 
oleic and palmitic acids, on the odier hand, resulted in a marked rise 
in the serum esterase concentration Since glycerol is inactive, while 
fatty acids have a pronounced effect, it would appear that the increase 
in esterase value is in some way related to an increase in some phase 
of fattv acid metabolism The lack of apparent response following 
the feeding of Purina dog chow itself, which contains approximately 
4% of ether extractable materials, indicates that a fair amount of 
fatty acids must be absorbed in order to obtain a definite response by 
the analytical method employed 

In a previous publication* it was shown that tlie serum esterase 
concentration of rats fed a high fat-low choline diet for several 
weeks, at which time a high fat content of the liver was produced, 
did not apparently differ from that obtained by feeding a high fat- 
Purina dog chow' diet on which the deposition of fat in tlie liver was 
quite moderate Other experiments in which sufficient choline was 
added to a high fat-low choline diet to prevent fat deposition in the 

2 oothouse, B I^, and Forbes, J C,J Lah and Chn ilea , in press 
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hver have been found not to affect the esterase response A lack of 
correlation betr\een the degree of visible hpemia and the esterase 
value has been noticed In many cases the hpemia would have prac- 
tically disappeared while the esterase value still remained high, while 
m others a marked hpemia was associated with a relatively low ester- 
ase value 

In considering the results herein presented it should be realized 
that only changes in the tnbutj'rin hjdrolyzing power of the serum 
are under consideration Mosters’ did not find any definite correlation 
beh% een the ability of blood to hydrolyze methyl butyrate and tribu- 
tynn He found tliat ascorbic acid administration increased the 
blood’s power to hydrolyze methyl butyrate but the effect on tributyrm 
hydrolysis was very indefinite, the two effects being sometimes in 
opposite directions Gajdos,* however, found the subcutaneous ad- 
ministration of ascorbic acid to mvanablv increase the serum's power 
to hydrolyze either substrate 

Any discussion as to the possible significance of serum esterase in 
fdt metabolism and in determining an animal’s resistance or sus- 
ceptibility to halogen hydrocarbons seems unjustifiable at the present 
time However, furtlier data is bemg accumulated in an attempt to 
definitely determine the significance of this enzyme in these condi- 
tions 

Summary It has been shown that the oral administration of non- 
lipoid foods, glycerol, sucrose, glucose and proteose-peptone exert no 
demonstrable effect on the serum esterase of rats The administra- 
tion of neutral fats, oleic and palmitic acids leads to a marked increase 
which lasts for sc^cral hours 

1 he luthors gratefully acknowledge their great indebtedness to tlie 
Jolm and Man K Markic I oundation for financial assistance in this 
research 

iMostors, T, JUin. TTorfi^chr, 1936, 15, 1557 ~ 

4Gnjdo«, A. Compl rend ror Vtol , IPSO, xai in 
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Preparation of Antigenic Material Inducing Leucopenia from 
Eberthella typhosa Cultured in a Synthetic Medium 


Herbert R Morgan * (Introduced by John F Enders ) 

from iJie Department of Bactenology and Immunology, Harvard Univereitv 
Medical School, Boston, Mass 


Substances presumabl) free from whole protein which exhibit 
antigenic and toxic properties have been derived from cultures of 
the Salmonella group of organisms by Boivin and his associates,* and 
Toplej and his coworkers “ The exact chemical nature of such 
agents as well as several of their immunologic aspects and effects on 
the animal body await further investigation The present com- 
munication describes the occurrence of certain phenomena following 
the injection of mice and rabbits with a toxic, antigenic material pre- 
pared from cultures of Eberthella typhosa grown in a synthetic me- 
dium The use of a medium containing ingredients which could all 
be removed by dialysis obviously should facilitate the separation of 
bacterial products from constituents of more complex media of un- 
known composition 

Adopting as a base the inorganic salts suggested by Burrows,’ a 
sjTithetic medium was devised of the following composition 
(NHiJjSOi, 10 g, NaCI, 1 g, K-HPO^, 4 g, glucose, 7 g, acid 
hvdrolj zed casein 12 g , tryptophane, 0 2 g , cystine, 0 4 g , phenol red 
(0 2% solution), 10 cc, and distilled water, 2 000 cc The reaction 
w’as adjusted to pH 7 4 and the mixture sterilized in tlie autoclave, 
except for the glucose, which was later added as a sterile 50% solu- 
tion 

A recently isolated strain of E typhosa possessing the character- 
istics of the smooth form was employed 

Method 14 flasks each containing 2,000 cc of the solution were 
inoculated wnth 15 cc of a 12-hour culture of £ typhosa that had 
been cultivated in this same medium for 3 successue transfers These 
flasks were inaibated at i7°C At 8-hour intervals, 10 cc of a 50% 
solution of glucose were added and sufficient NaOH to restore 
the pH to approximate!} 7 4 After 72 hours 10 g of sodium acetate 

• DeLnmnr Fellow 

iBoivin, A, Mesrobeann, I, and Mr<<robcanu, L, Compt rind Sne d Biol 
1933, lia, 490 

2Rai8tnck, H , and Toplcy, W W C, Brit J Erp Path 1934, 15, 113 

SBnrrowB, W , J Inf Dis 1939, 04, 145 
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and 3 volumes of 95% alcohol were introduced into eacli flask which 
was then placed in the refrigerator for 48 hours The supernatant 
fluid was decanted and the precipitate of cells and a gre}", gummy 
material was recovered by centrifugation These sediments from all 
the flasks were then combined by taking them up in 1,000 cc distilled 
w'ater The emulsion w'as shaken with glass beads for 2 hours at 
37 °C, placed in the refrigerator overnight and again shaken for 2 
hours After centrifugation, the solution was retained and the in- 
soluble material resuspended m 300 cc of distilled w'ater and the 
process repeated The combined aqueous extracts, freed from par- 
ticulate matter by centrifugation for hour at 4,000 to 5,000 rpm, 
were placed in cellophane bags and dialyzed against running tap ivater 
at 10-14°C for 24 hours Sodium acetate (0 5%) was added to the 
opalescent suspension , the reaction was made just acid to litmus 
with acetic acid and 3 volumes of alcohol added After standing 
over night in the refrigerator, the precipitate was removed, resus- 
pended m W'ater and reprecipitated with 3 volumes of alcohol This 
procedure was twice repeated After the last precipitation the deposit 
was dissolved in 200 cc distilled water and shaken twice w'lth 40 cc 
of chloroform and 8 cc of n-butyl alcohol according to the method of 
Sevag* to remove any protein present Following the addition of 
3 volumes of alcohol, the precipitate was w'ashed twice with 70% 
alcohol and stirred with 100 cc of distilled water to give a light grey, 
colloidal suspension with a pH of 6 9 The yield w'as 0 8 g as deter- 
mined by drying and w'eighing an aliquot of this solution 

Qualitative tests show'cd an absence of protein by the sulfosahcyhc 
acid and HNOj tests The biuret and nmhydrm tests were faintly 
positive Millon and Hopkins-Cole tests were negative A strongly 
positive Molisch reaction was obtained After acid hy'droly'sis treat- 
ment with pheny'lhydrazine yielded osazone cry'stals which were 
similar to those obtained with glucose Elementary' analyses gave 
total N, 7% , ammo N, 1% total P 5 6% \fter hydroly'sis with 
1 N HCl for \y 2 hours at 100°C, the product yielded 3 2% ammo N 
and 13 4% reducing sugar (calculated as glucose) The ash was 

24 4% 

Anhgenic properties With 3 typhoid antisera the colloidal sus- 
pension induced a precipitate m a dilution of 1 200,000 (ring test 2 
hours at 20°C) To 3 normal rabbits a total of 15 mg of this antigen 
m increasing doses w'ere administered intrai enously over a period of 
3 weeks Thar sera exhibited agglutination titers of 1 1280 with a 
suspension of strain 0901 of E typhosa and precipitin reactions w ith 
4 Sevag, M. G , Biochem Z , 1084, 278, 419 
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TABLE L 
Babbit Xo 5 


Honrs after injection Body tempemtnre 

Total WBC count 

0 

102 4“P 

11,750 

0 15 mg antigen inj intravenously 

2 

106 2 

2,600 

4 

106 6 

2,350 

8 

104.8 

11,000 

24 

104 0 

21,150 

32 

103 6 

14,000 


the suspension of the antigen were positive in a dilution oi 
1 1,000,000 of the latter 

ToMcity 4-5 mg of the preparation injected mtraabdominalh 
into mice ueighing 15-18 g killed 90% of the animals Five rab- 
bits of 1 5 to 2 5 kg bod\ n eight died w ithin a few hours after intra- 
venous injections of 0 4-0 5 mg Intratenous admmistration oi 
0 1-0 25 mg was follott ed bj marked leucopema and fever in rabbits 
v ithin 1 to 2 hours, subsequently^ attended by leucocytosis and a drop 
in temperature Table I presents tlie results obtained m one of 10 
rabbits so treated, all of which exhibited similar reactions 

Differential counts shoved that the leucopema resulted from the 
almost complete disappearance of the polymorphonuclear cells from 
the circulating blood During the subsequent leucocytosis, these cells 
rose to a high level and many of them were found to be immature as 
indicated by the presence of single or double lobed nuclei A munber 
of y'ears ago a leucopema in rabbits was described by Zinsser and 
Tsen° following large intravenous doses of suspensions of typhoid 
bacilli While the present vork was in progress, Smith® and Dennis 
and Senekjian' reported the isolation of leucocidal materials from cul- 
tures of E typliosa The material studied seems to differ from the 
leucocidal factor recently^ isolated by^ the latter authors in that it is 
precipitable from an acidified aqueous solution by the addition ot 
alcohol Tventy-four hours followmg the intracutaneous injection 
of 1 mg of the material into normal and immune rabbits, severe in- 
flammatory" reactions 2 5 cm in diameter appeared characterized by 
redness and marked edema 

The toMc properties of our substance appeared to be thermostabile, 
since boiling for Yz hour did not alter its capacity to kill rabbits or to 
induce a leucopema and fever A study of the relationship betu een its 
toxic and immunologic characteristics is m progress 

Suiiiviary An antigenic substance has been isolated from cul- 

Zinsser, H., and Tscn, E , J Immunol , 1916, S, 247 
« Smith, B y, Am J Bug , 1939, 20 (section B), 15 

■ Dennis, E W , and Senehjian, H., Am J Hygiene, 1939 30 (section B), 103 
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tures of E typlwsa grown in a syntlietic medium Appropriate 
amounts kill mice and rabbits and smaller quantities induce a leuco- 
penia and fever in rabbits 

The author wishes to acknowledge with gratitude the advice of 
Drs J F Enders, J H Mueller, Y Subbarow and M A Logan of 
the Harvard Universitj’- Medical School 
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Skin Sensitivity of Man to Bovine Plasma and Its Albumin 
and Globulin Fractions 


\rnold j Kremen Henry L Taylor and Harry Hall (In- 
troduced b> O H Wangensteen ) 

Front the Deportment of Suroery and the Jjohoratory of Phyrtolofftcol Xlvptene 
Vnivemitv of ilfitmojtorn Minncnpolm, VInn 


The injection of whole bovine plasma in man w’as found to be 
associated w ith a considerable number of untow ard reactions ' In 
an effort to detemiine the source of these reactions tlie whole plasma 
w-as fractionated into albumin and globulin portions A study of 
skin sensitivitv of man to these materials forms the basis of this 
paper 

Method From sterile bovine plasma prepared as described else- 
where,' albumin and globulin fractions were separated by ammonium 
sulfate precipitation Tlie details of this procedure wall appear m a 
subsequent publication 

One hundred and forty-six patients selected at random* were 
tested for skin sensitivity to bovine albumin solution, bovine globulin 
solution, and whole Ixivine plasma hJonnal HaCl solution was used 
as a control Five-hundredths cc of each of the above was injected 
intradermally and readings were taken after 20 to 30 minutes No 
change or disappearance of the original wheal was considered nega- 
tive, slight enlargement of the wdieal w ith a small area of erythema 
l-p, a marked halo of erythema without pseudopodia 2-f-, pseudo- 
podia and en largement of the original whea l to twice origmal size 

1 Wangensteen, 0 H., HaU, Harry, Kremen, A. J , and Stevens, B , In press 

• Acknowledgment is made to Dr Maenlder Wetherby, Head of the Outpatient 
Department of the HniverntT of Minnesota Hospitals for hie cooperation in this 
study 
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TABLE I 

Besults of Skin Tests 


Soluhon used 





Eeactions 





0 

1+ 

2 

+ 

3+ 

4+ 

No 

% 

No 

% 

No 

% 

No 

% 

No 

% 

Saline solution 

136 

93 

7 

5 

3 

2 





Bovine albumin solution 

99 

68 

39 

27 

8 

a 





’ * globulin ’ * 

58 

38 

50 

35 

36 

25 

3 

O 

1 

07 

Whole bovine plasma 

25 

17 

43 

30 

63 

36 

23 

15 5 

2 

15 


TABLE U 

Relabonship of Type of Beaction with Albumin and Globulin Fractions to Tyiie 
of Beaction with Whole Plasma 


Type of albumin reaction Type of globulin reaction 

Figures expressed in % Figures expressed in % 


Plasma 

Beaction 

' 0 

14- 


0 

14- 

24- 4+ 

0 

100 



100 



14- 

100 



63 

37 


2+ 

42 

49 

9 

35 

50 

16 

3+ 

35 

50 

16 

20 

75 

5 

4+ 


50 

60 


60 

60 


3+, and marked edema, induration, pseudopodia and erythema 44* 
Results The results of skin tests on 146 patients are tabulated m 
Table I It is noted that a u ide difference of skin sensitivity appears 
behveen the albumin, globulin and whole plasma There were 7% 
positive reactions ( 1+ to 2+) w ith the control saline solution The 
albumin caused the least number of positive reactions, the globulin 
vas intermediate and the whole plasma caused the largest number 
of positive reactions as well as those of greatest magnitude 

Table II shows the relationship of the reactions of the albumin 
and globulin fractions to those of whole plasma The results are 
tabulated as the percentage of the type of reaction of the plasma frac- 
tions that occurred avith the different t>T)es of reaction to whole 
plasma In no instance did the type of reaction of the albumin or 
globulin fraction exceed that of the whole plasma m intensity In 
only 4 cases (27%) avas the reaction of the albumin equal to that 
of the plasma and in 34 cases (23 3%) was the reaction of the 
globulin fraction equal to that of the whole plasma 

Summary and Conclusions 1 The skm sensitnity of man to 
bovine plasma and to its albumin and globulin fractions has been 
investigated 2 The skm sensitivit) of man to the three preparations 
tested IS least marked w ith the albumin fraction of bovine plasma 
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Evacuation of (he Gall Bladder in Patients with 
Pernicious Anemia • 

J A LayNE AK0 E a Botoen 

From the Deportments of Mcdicxne and Analomp, Vnticrsity of iUnnesoia, 

iLtnncapohs 


This IS the third of a series of studies analyzing tlie rate of 
empt) mg of the gall bladder in patients w ith lesions of the stomacli 
In the first series^ it was observed that peptic ulcer patients dis- 
pla)ed a significantly faster rate of emptying than controls of com- 
parable age Since the mean curve of emptjmg for this group could 
be V irtualh reproduced m normal individuals merely by injecting one 
egg-yolk directly into the duodenum (Fig 1 , left) and since the initial 
discharge of food into the duodenum is known to be more rapid in 
individuals having gastric and duodenal ulcer, the faster rate of 
emptying of the gall Iiladder m such patients was attributed to a 
greater food stimulus rather than to an increased production of 
gastric juice 


Mean Cun’ct of E^’oouation of Goll Blodder m Permaoui Anertuo PatienU 


VU. Ulcer r^miciouj An<nua 



Fio 1 


VfonTi purvea of tlic evneuation of the gall bladder in patients mtb lesions of 
th tomach Ordinates, percentage rolume of bile in the gall bladder , abscissai, 
mantes after a standard meal 


~i A aed bv i^nts from the Medical Research Fund of the Graduate School 
: Borden, E A , and Berman, T M , Fod.o, . 1937 28, 273 
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This interpretation was strengthened by the second stud} * This 
dealt with patients having carcinoma of the stomach In this group, 
marked reduction of the amount of free HCl failed to retard the 
emptying of the gall bladder 

The present report is based upon cholec}stographic studies of 22 
consecutive, unselected male patients for whom a clinical as well as 
hematological diagnosis of pernicious anemia had been established 
All of the patients m ere receiving treatment with liver extract The 
hemoglobin content of the blood had either reached normal le\ els or 
was responding to treatment The histaimne test had disclosed com- 
plete absence of free acid m all patients, and only minimal amounts 
of total acids 

Of special interest \vas the fact that the gall bladder could not be 
^^suahzed m 40 % of these individuals, notivithstandmg the use of 
the intravenous method of introducing the dye and the absence of 
any history suggesting gall bladder disease In the other groups i is- 
ualization had faded m only 9% of ulcer patients and m 22 7% of 
those with carcinoma, 

Intheremammg 13 of the 22 patients, the mean cume of emptying 
of the gall bladder approximated that of the controls (Fig 1, nght), 
being a little faster m the first 20 minutes after a standard mealf and 
a little slower m the last 20 minutes, but not significantly so 

Since there was complete absence of free HCl in all 22 patients, 
even after stimulation by histamme, one must conclude that free HCl 
in the stomach is not an essential factor m the evacuation of the 
human gall bladder 

The final report will include a comparable study of female patients 

SEitchie, W P, and Boyden, E A,, Peoc Soc Eep Biol, aih) Med, 1937, 
SO, 815 

t The modified Boyden meal, consisting of 4 egg yolks mixed ivith an equal 
amount of rnillr to ivhicli a pinch of sugar and a drop of Tonilla extract has been 
added 
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Poliomyelitis in Stgmodnji htsptdtis Itttornlis Rats * 

John A Toomey and William S Takacs 

From the Department of Pediatricsj JFertem Deserve Vnivcrsityj and the Division 
of Contagtous Diseases, City Hospital, Cleveland, Ohio 


Recentl}, Armstrong^ reported that he produced poliomyelitis in 
Stginodon luspidus litspidus rats (Elastern cotton rats) by mjecting 
poliomyelitis virus (Lansing strain) He was unsuccessful when 
other strains were used It is almost impossible to distinguish this 
animal from Stgmodoii htsptdtis Itttorahs, an animal more common 
m the South and relatively inexpensive 
Ten rats (Stginodon hispidus Itttorahs) w’ere given a 10% suspen- 
sion of Flexner’s 11 \ strain, 5 getting purified and eluated virus 
and 5 unpurified \ irus Vrmstrong s technic w as follow ed, the doses 
m each instance in the following experiments being 0 06 cc intra- 
cerebrally, 0 06 cc intranasalh and 0 5 cc subcutaneously Two of 
the animals which recen ed unpurified \ irus died 5 days later Patho- 
logically, the central nenous s\stem showed nothing that resembled 
poliomyelitis A. suspension of the brain and cord obtained from 
these animals was injected into 5 rats These remained normal after 
nearly 3 months of obsen^ation 

Nine virus strains [Flexner’s M V , loomey, blexner (Phil , Wol- 
man), Kramer, Harmon, Howitt, Trask W E , Flexner W E , Aus- 
tralian] were each injected into 5 rats One rat given Flexner M V 
virus died the second day after injection 1 given Flexner (Phil ) 
virus died the sixteenth day, 1 Kramer the sixth day 1 Harmon, the 
second day , 1 Harmon, tlie ninth da\ 1 How itt, the fifth day , 1 Flex- 
ner W E , the fourth day, 1 Australian the fifth day There was 
nothing found in any of the cord sections trom these animals that 
resembled experimental poliomyelitis The animals that died during 
the first few day's after injection had some local intracerebral hemor- 
rhage Their deaths were probabh due to trauma 

After these 8 animals died the cord and brain of each were emul- 
sified and injected into 3 rats (24 m all) After 2 months of ob- 
servation the animals were still ali\e 

Nearly 3 months after the original experiment with the Flexner 
M V virus strain or 2 months after injecting the other 9 poliomye- 
litis strains, 59 of the 74 surviving rats we re injected with Arm- 

. iided by a grant from The National Foundation for Infantile Paralysis Ine 
1 Armstrong, Charles, Pub Bealth Sep, IPSP «, 1719 
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strong’s Lansing virus strain Concomitantly, 10 rats never pre- 
viously injected were used as controls The animals began to die 
within 4 days after the injection Everj animal but one of the 69 
succumbed within 10 days The rats showed all types of paralyses, 
the most common one being bulbar There were some which had 
incoordination and peculiar rolling or circling movements as well 
The pathologic findings were the same as those described by Lilhe 
and Armstrong ■ However, there was not much penvascular infil- 
tration 

Armstrong’s virus (Lansing) was carried through 5 generations 
of rats m onlj 22 daj s, transmission being made every fourth dav 

Conclusion The Lansing strain of virus isolated by Armstrong 
easily produces disease in Sigmodon litspidus littorahs rats Thus 
far, we have been unable to produce pohomv elitis with any of the 
9 stock virus strains earned in our laborator\ and named in this 
paper 
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Quantitative Alteration in Renal Corpuscles of Salamanders 
Through Variation m Hypophyseal Tissue * 

Raymond F Blount 

Erom the Department of Anatomy, Unive~mty of Minnemta, itinneapotle 

Previous reports have show n that increasing the amount of hypo- 
physeal tissue in an amphibian embrj’o by grafting gives rise to an 
increase in the thickness of the basement membrane of the renal 
glomerulus ’ It has been pointed out that this thickening is similar 
m appearance to the thickened membrane m human cases of hyper- 
tension ’ • The size of the heart, vasoconstriction, reduced heart 
rate and other conditions in these test animals simulate a hypertensive 
state’ The hv'pophjsectomized individuals show the opposite results 
of hypotension and may now be stated to have correlated with this 
a thin basement membrane 

2Li)he, B D, and Armstrong, Charles Pub Uralth Pep 1940, 55 111 

* Aided Irv a grant from the research funds of the Graduate "school, UniTcrsitv 
of Minnesota, 

1 Blount, Earmond F , Anal Eec , 1036, 05, 1 

2 McGregor, Leone, ^iri J Patli , 1930, C, 347 

1 Blount, Bavmond F , T Eip Pool 1035 Tt 421 
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The arrangement of the loops of the capillarj^ tuft indicates that 
there is a simplification in these hypertensne glomeruli^ This is 
stated b} McGregor” to be true m human hypertension She also 
states that there is contraction of glomeruli although no measure- 
ments or volume determinations were made Goormaghtigh® men- 
tions contraction of glomeruli in ischemic kidneys 

In our test animals there appeared to be a contraction m many 
glomeruli with an increase in the capsular space How much this 
increase in space is due to a shrinkage of the glomerulus and how 
much to an increase m capsular volume had to be determined The 
present observations deal with quantitative determinations of volume 
for the total renal corpuscle, the glomerulus and the capsular space 
of hypophysectomized, control, and triple pituitary animals This 
has been done bj the paper cut-out method using every serial section 
Two groups of animals were employed In one, values for every 
fifth corpuscle were computed individually m 3 sets each consisting 
of an hypophysectomized, a control and a triple pituitary animal In 
all there were 153 corpuscles for which computations were made In 
the other series the volumes for all the corpuscles were determined 
and the averages obtained for the 12 animals of 4 sets 

The general magnitude of one of these glomeruli is about 000150 
cu mm However, considerable variation was found in the volume 
since there were extremes of 000011 and 000880 cu mm The 
larger glomeruli were at the cranial pole of the kidney and the 
smaller ones at the caudal Although the smallest glomeruli were 
found in the triple pituitary animals some few were large The 
cramo-caudal gradation m glomerular size was not a factor in the 
differences in the test animals since the distribution of glomeruli, as 
to myotome level, was about the same in all 3 types There was no 
definite relationship between body size and glomerular size How- 
ever, the amount of body^ volume per glomerulus was greater m the 
larger animals 

The percentage relationship that the average glomerulus bears to 
the entire corpuscle is less in the triple pituitary than m the control 
animal in all the cases except one which is mediocre by other criteria 
This animal follows the trend if the mode rather than averages is 
used In the hypophysectomized individuals the glomerulus occupies 
a greater proportion of the capsule in all but 2 cases, the above set 
and one other Some glomeruli of these animals show enlargement 
due to vasodilation The percentages, in the 4 sets on which values 

4 Blount, Baymond F , Avat Sec , 1937, 67, Snppl. No 3, 7 

cGoormaghhgli, N, Peoc 8oc Ext Biol and Med , 1939, 42, 688 
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were obtained for all glomeruli, are in the h) poph} sectomized con- 
trol and triple pituitar\ animals respectnel} as follows 79, 74, 49, 
81, 65 39, 75, 68, 61 , and 76, 67, 51 In 2 of these 4 sets the rela- 
tnelj larger capsular space in the triple pituitar} animal results 
from the glomerulus being contracted and in the other 2 from the 
great increase in the ^ olume of the capsule Stasis is probabl} respon- 
sible for the large size of some of the triple pituitarj' glomeruli In 
all cases the generall) thickened membrane (up to 8 times normal) 
balances to some extent the contraction of the capillar) tuft in deter- 
mining the glomerular a olume 

These obser\ ations show that the renal corpuscle of animals wnth 
an increased amount of pituitar) tissue ha\e glomeruli that often 
but not alw a) s exhibit contraction, and that there is a clear-cut reduc- 
tion in the relatn e size of these glomeruli In the hA'poph) sectomized 
individuals the corpuscles show no uniform alteration in glomerular 
size but a definite tendenc) tow ard a reduction in the relative size of 
the capsular space 
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Parasympathomimetic Effects of Erythrocytes m the Gat 

M B Sender (Introduced by Gregor) Shw’artzman ) 

J^rom the Laboratories of the Mount Stnav Sospitalf Kew Yort 

Using the completely denervated ins of the cat as an indicator of 
circulating autonomic substances, it was found that constriction of tlie 
pupil ensued from 35 to 70 seconds follow ing the intrai enous admin- 
istration of 1 0 cc of w hole human blood The blood of rabbit, guinea 
pig, mouse, monkc), hog and hemolyzed er)'throc)^es of cat also 
produced a constriction of the completely deneiwated ins of the cat 
Identical amounts of blood from dog, sheep and ox were without 
significant effect on the same preparation The most conspicuous 
reactions were obtained with rabbit’s blood Large quantities of 
dog, ox, or sheep blood sometimes produced a slight and slow^ con- 
striction of the cat’s denervated ins 

Other effects caused by the intraA enous injection of blood into the 
cat were a fall m blood pressure, as shown by Abramson, ct al 2 and 

* This investigation lias been aided by grants of the Josiah JIacv, Jr , Eonnda 
tion and the Dazian Foundation for lledical Research 

1 Abramson, D L, Wnsserman, P, and Senior, F A, Am J P/ivstol , IhSS, 
124, 402 
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Fuzn decrease m heart rate, relaxation of anal and urinary sphinc- 
ters and hypersalivation, all parasympathomimetic manifestations 
The vaso depressor and miotic properties of the blood were located 
chiefly in the erythrocjles Laked red blood cells also exhibited these 
properties Intravenous injection of serum never produced a visible 
change in the ins 

The washed red blood cells caused a pupillary constriction from 35 
to 80 seconds after their intravenous injection whereas the laked 
erythrocytes produced a much quicker response, the miosis appearmg 
from 12 to 30 seconds after the administration The rabbit’s erythro- 
c)4es showed tn o tj pes of depressor effects on the cat’s blood pressure, 
an early transient drop from 6 to 10 seconds after the injection of 
the cells and a later prolonged fall from 45 to 70 seconds after the 
administration The hemolyzed red blood cells showed only the 
early depressor effect The findings concerning the effect upon blood 
pressure i\ ere similar to those of Fuzii - 

Furthermore, the cat’s own laked blood produced an early and 
transient drop in its blood pressure, and a constriction of its com- 
pletely denervated ins The smallest quantiU of rabbit’s blood neces- 
sary to produce a constriction of the denervated ms was 0 5 cc of 
one percent saline suspension of en'throcj'tes per kilo of body weight 
of cat The intact cells w ere more effective m producing parasympa- 
thomimetic reactions than the laked erj-throcj-tes By centrifuging 
the hemoly zed red blood cells of the rabbit, it w as found that the con- 
strictor factor of the blood was also present in the supernatant red 
fluid 

Since the ins was completely denervated, the miotic action of the 
injected bloods mentioned must be due to a chemical agent The sub- 
stance had no effect on denervated facial striated muscle or on the 
radial smooth muscle of the ins denervated by the removal of the 
superior cervical ganglion The constriction of the pupil by the 
intravenous injection of erythrocytes was demonstrated in the eye in 
which either the oculomotor nerves (preganglionic) or ciliary nerves 
(post-gangliomc) were acutely sectioned Atropine sulfate did not 
hinder the miosis produced by larger quantities of blood Eserine 
did not seem to augment the reaction 

Intravenous injections of whole blood, erythrocytes, or laked cor- 
puscles of the species mentioned produced no reaction in the com- 
pletely denervated ins of the monkey 

I am indebted to Dr Gregory Shwartzman for his valuable aid and 
suggestions m this problem 

aptuaJ, K., ToTiotu J Exp Ifed , 1939, SB, 384. 
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Detection of Human Influenza Virus m Throat Washings by 
Immunity Response in Syrian Hamster ( Cricettts anratus) 

R M Taylor ( Introduced by J H Bauer) 

From the Laioratones of the International Health Dtvitton of the RoelefeUer 
FoundaUoT\ \ Tori 


In a previous communication* the serial passage of the human 
influenzal virus in the European hamster (Cricetns cncetus) uas re- 
ported While this hamster was show n to be susceptible to a recently 
isolated virus strain it was not demonstrated because of lack of 
material at the time, whether or not infection could be transferred 
directly from humans 

This present report deals w ith the infection of the Syrian hamster 
( Cricetns anratus) from throat -w ashmgs of persons ill w'lth epidemic 
influenza. 

Material The washings were collected in buffered broth during 
the early months of 1939 from persons acutelj ill with influenza The 
presence of virus onginall) in these specimens had been demonstrated 
by the inoculation of ferrets' The washings had been presented 
for 9 to 10 months m a low'-temperature cabinet at -76°C w'hen the 
inoculation of the hamsters w^as made The hamsters emplo> ed w'ere 
from 3 to 5 months of age and weighed approximately 100 g each 

Method Preceding inoculation, 1 cc of blood was withdrawn bj 
cardiac puncture from each hamster From 0 3 to 0 4 cc of unfiltered 
throat-washing w'as administered mtranasally while the animal w'as 
under light ether-anesthesia Tw^elve to 14 days after the mtranasal 
inoculation a second blood sample w as taken The blood serum ob- 
tained before and following inoculation was then titrated for neutral- 
izing antibodies against the PR8 strain of influenzal virus 

Results So far, 4 preser\ed washings obtained during the 1939 
epidemic, but from separate localities, ha^e been tested 4.11 of these 
specimens were known to contain virus originally 

None of the blood samples taken before inoculation showed any 
neutralizing effect upon the virus in a 1 2 serum-mixture, but samples 
taken 12 to 14 days after inoculation of the hamsters with each of 
these 4 washings all neutralized 1000 M L D of the virus in dilu- 

1 Taylor, E. IL, nad Dregass, it , Proc Soc Exp Bioi,. \xi> Med , l^tO, 4S, 

100 

2 Honifnll, F L , Jr , Halm, R G , and Rickard F R / C/in Inr 15>40, 
10, 379 
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tions abo\e 1 32 Despite the tniniune response, these animals mani- 
fested no STOiptoms or gross pathological lesions m Inch could he used 
as diagnostic criteria 

Three iiashmgs nhich did not contain influenzal virus as shown 
hy ferret-inoculation failed to stimulate neutralizing antibodies in 
the hamster There appears to he little doubt, therefore, that the 
immune response m the hamster was specific and resulted from in- 
fluenza-Mrus infection Morco\er, the infection established through 
the inoculation of throat-washings maj he transferred from one 
hamster to another 

Hitherto the ferret has been used almost exclusively for the de- 
tection of the virus m human material, either by immunity response 
or by subsequent passage and identification in mice The virus has 
been obtained directly in white mice from human tliroat -washings,’ 
but this IS a tedious and unreliable method Several mouse-passages 
are required before the virus becomes manifest, and, m the experience 
of the author, only a small proportion of strains wdiich may be identi- 
fied in throat-washings by means of the ferret can be obtained by 
direct inoculation of mice Nor has it been possible m this laboratory 
to demonstrate the development of immumt}' m mice inoculated with 
w ashmgs know n to contain the virus 

Thus the hamster is the only animal other than the ferret in which 
it has been showm that the presence of virus in human throat-washings 
may be detected by the immunity response to the original inoculum 
The relatuely low cost of the hamster, the ease with which it may be 
bred m the laboraton , and its apparent resistance to canine distemper 
and other epizootics to wdiich tlie ferret is so subject w'ould make it a 
w'elcome substitute for the ferret However, it is realized that these 
observations must be extended before it can be determined to what 
degree the hamster may be used as an adjunct or substitute for the 
ferret in the study of human influenza 

It may be added that 3 of the throat-w'ashings which produced an 
immunity-response in the hamsters w ere at the same time adminis- 
tered intranasally to cotton rats (Stgviodon hisptdus Inspidus ) Two 
of the rats showed no rise in antibodies, and the third gave only a 
minimal and quest ionable response 

8 Prancis, T , Jr , and JlagiU, T P , Phoo Soc Exp Bioi,. and Med , 1937, 
80 , 132 
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Growth and Differentiation of Daphnia Magna Eggs in vitro 
V^sn Obresh KOTO AND Alan W Fr\ser 

From Ttard College, Columbia Vntveretiy 

In the course of some ultra-centnfugmg experiments there arose 
tlie need of rearing the parthenogenetic eggs of Cladocera iu vitro A 
review of the literature revealed no record of the successful grotvth 
of eggs of this group of animals outside the brood-chamber of the 
mother We ha\e succeeded m rearing the eggs of DapJinm magiia 
in tissue culture slides and inasmuch as the embryos are transparent, 
this enabled us to make obsen^ations on some of the sequence of 
events m the course of the development of the embryos without the 
necessity of staining and sectioning 

A number of different media were used in an endeavor to grow 
Daphnia magna eggs m vitro A modified Ringer’s solution utilized 
successfully for physiological work on isolated organs of Cladocera 
by Levy ^ proved injurious to the eggs The growth of eggs m a 
medium consisting of the fluid obtained from the brood-chamber of 
animals in which there were developing eggs showed no advantage 
over a simpler medium consisting of sterile pond water This is of 
considerable mteres*^ m view of the fact that it has been held (Dear- 
born,- Birge’) that the brood-chamber of Cladocera secretes a fluid 
which serves as nourishment m the course of the development of the 
embryos Careful controlled experiments revealed that the partheno- 
genetic eggs in the brood-chamber of Daphnia magna completed their 
development in about 46 hours at 25 °C When the parthenogenetic 
eggs of this animal wxre reared in sterile pond w'ater on tissue culture 
slides, they too completed their embryonic history from eggs to free 
swimming independent organisms in the same period of time This 
demonstrates -verj^ clearl) that the eggs of this animal are self- 
sufficient with regard to the nutritive material already stored in them 
at the time of their deposition 

A Daphnia magna female the eggs of which w'ere to be removed 
from the brood-chamber, w'as placed in a depression slide wuth round 
polished cavity 1 5 mm in diameter and 3 mm deep filled with sterile 

1 Levy, R , Compt Fend Soc Biol , 1927, 97, 1600 

- Dearborn, G V N , Chapter on protoplasm and simple animal functions 
Human Physiology, Philadelphia and New York, Lea & Fcbiger, 1909 

3 Birge, E A , Chapter on water fleas, Fresh TTatcr Biolooy, Ward and Vflnpplo, 
New York, John Wiley L Son, 1918 
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pond water With the aid of 2 fine needles the animal was held in 
place in the field of the binocular microscope and the ventral edges of 
the carapace w ere carefiill} spread apart By gently moving the body 
of the animal bach and forth w itli the needles, the eggs were made to 
roll out of the chamber without being subjected to any pressure The 
eggs were transferred to a new depression slide containing sterile 
pond water and were incubated at 25°C The chorion and the vitel- 
line membranes of the eggs are verj easily injured The removal of 
eggs from the brood-chamber of the mother without injurj' to tliem 
determines the degree of success of rearing tlie eggs of this animal 
tu vitro 

We haae obtained se\eral complete series of photomicrographs of 
Daphma mngm eggs taken at 3-hour inten^als throughout the course 
of their development lu vitro W'^e have made observations on some of 
the more prominent changes in the course of the development of the 
living material as obser\ ed bj gross microscopical examination Tlie 
first sign of movement of the bod^ was observed in embrj'os 30 hours 
old At this stage also the heart exhibited its first pulsations The 
first external evidence of brain development appears as a blastodermic 
thickening mid-dorsallj, in the cephalic region of 21-hour-old 
embrj'os In embrjos 27 hours old there comes into prominence, 
dorsal to the prospective brain, a double mass of granular substance, 
representing the material for the deielopmeiit of the eye In adult 
individuals the ej e is a single organ placed in front of the head but 
embryologicall) this structure has a double origin Other details m 
the course of the development of the embryos tu vitro were also fol- 
low'ed Embrjos reared on depression slides when transferred to 
bottles containing the standard amount of the culture medium (Ban- 
ta^ become sexually mature and produce young 

■I Santa A. M , Physiology, Qenelics anH Evolution of Cladocera, Carnegie 
Institntlon Publication No 613, 1939 
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Changes in Structural Components of Human Body from 
Siv Lunar Months to Maturity 

HARR-i A WiLMER (Introduced b) R E Scammon ) 

from ihe Department of Anatomy and the Graduate School, Unwernty of 

Minneeota 


The changes of the various structural components of the human 
body in development are nell illustrated by ^olumetrlc histograms 
These are shown m Figs 1 and 2 The) are based upon data collected 
m this laboratory as well as a series of records collated from the 
literature 

In this presentation the structural components of the bod) con- 
sidered are skin and superficial fat (panictihis ndtposiis), the ms- 
ceral mass (including the heart), the nenous tissues (ot botli the 
peripheral and the central nervous s) stems), the \oluntar) niusai- 
lature and the fresh ligamentous skeleton 

The periods represented are 6 lunar or fetal months birth, and tull 
matunt)' Both sexes are included m each of the periods 

Figure 1 illustrates the differences in composition of the bodi at 
6 lunar months and at birth During this inten al the net w eight of 
the body increases approximateh fi% e-fold from 500 to 2500 g 
The relative changes in the distribution of the bod) components 
are the skin and superficial fat increase from about one-sixtli to o\er 
one-fourth of the hod) mass Tlie ner\ous tissue component and tin. 
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skeletal component both show a marked relative decrease The i isceral 
and the voluntary muscle components remain almost constant 

Fig 2 shows the changes m components between birth and ma- 
turity During this mten^al the net body weight increases almost 
ti\enty-fold The postnatal changes in the relative distribution of 
components consist of a marked increase in the voluntary muscle 
from about one-fourth to o^ er two-fifths of the body mass But the 
visceral component decreases from about one-sixth to about one-tenth 
of the body mass, and the nervous tissue component from about 
one-seventh to about one-thirtieth The skin and superficial fat 
component and the component ot the skeleton remain practicalh un- 
changed 


TABLE I 

At) 3 olnte and Relative Weights of tlie Vanons Components of the Body for Both 
Seres (Collated from VanoiiB Sources ) 


Body components 


Absolute wt (g) 

^ — 

6 lunar 

months Newborn Adult 


Relative wt (%) 

^ 

6 lunar 

months Xeu born Adult 


Skin and superficial fat 
Muscle 

Skeleton 

Total TiBcera 

Central nervous system 

73 5 
11L5 
1010 
711 
96 2 

666 35 
625 25 
446 00 
398 20 
3S5 50 

12,395 5 
20,846 3 

8,518 6 

5,185 5 
1,455A 

16 21 
24 60 
22 28 
15 68 
21 22 

20 43 
24 80 
17 69 
15 79 
15 29 

25 61 
43 07 
17 60 
10 71 
3 01 

Sum* 

453 3 

2,521 30 

48 401 8 

100 00 

100 00 

100 00 


■‘'1 f omirnTimately 33 g m the 6 months fe 
sfl^Tn th“ adult male and 4000 g in the adnlt female 
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The numerical \alues for the absolute and relatne sizes of all these 
components are shonm in Table I 
Tlie most striking of this series ot changes is the increase ot the 
range of i ariabilih of the sca eral components forming the bod} At 
6 lunar months there is a maximum difference of onh 9 % in their 
relatne distribution B} birth tliere is a maxunum difference of 
40% And at matunt} there is a maximum difference of o^er 
1000% These computations are m terms of the smallest component 
m each series but the\ ma} also be demonstrated in terms of the 
largest componait or in terms of absolute \alues 
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Keto-Reactmg Substances m the Bile of Dogs 
A. L Berma.n,E Sn'.pp V S Hoigh ^xd A C hv 

From the Department of Fhymology and Pharmacology, ^ orthwestern Vnteersttv 
Medical School, Chicago 

A stud} of the literature reiealed that certain in\estigators haie 
identified and isolated \anous ketomc acids from the bile of different 
animals Femholz* isolated o-h}dro\\-6-ketocholanic acid trom hog 
bile and studied its properties Schoenheimer and others* ’ confirmed 
the isolation of this ketomc acid and further stated that the ketomc 
acids of hog bile comprise approximateh 10% of the total crude 
acids Wieland and KishB isolated and identified 3-h^dro\^-12- 
ketocholamc acid from o\ bile Sobotk-a found 3-lndrow-12- 
ketocholanic acid m human bile * 

No one apparentl} has reported a method for the quantitatn e de- 
termination of carbon^l or kcto-reacting substances m bile Since 
our work required such a method we ha\e been fortunate at ha\ing 
at our disposal a quantitatn e method which had been de\ eloped b} 
Dr Gustus of the \\ ilson Laboratories Giicago The principle ot 
this method is as follows The carbo^^l or keto groups in the bile 
are allowed to react with an excess of Indroxrlamine The remaining 
h\drox\laminc is combined with diacctr 1-monoxime con\ertmg the 

1 Femholz L // s / f phwnol Chem 1035 232, e03 ~ 

- Schocnlicimtr K, md Tohnston C G T Jjtol Chrm 120 

3 Vnclicl M nnd lunnlitmur R T Ptnl Cficm I^IS 124, (tOO 

icHnd, IT , Tttd Ki^Iu ^ II ^ 7 f Phii^io} Chtm 10*^3 214 47 
-‘^nhotk'i H Pn mi 334 
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latter to the dioxime compound The dioxime is precipitated with 
nickel acetate, and the resulting precipitate washed, dried and 
weighed By calculation, the amount of carbonyl groups that was 
originally present in the bile and that combined with the hjdroxyl- 
amine can be obtained The exact details of this analysis for carbonyl 
groups in bile w ill be published later b}' Dr Gustus 

The accurac^ of the method has been examined in two ways First, 
the chemist was supplied w ith duplicate unknow ns of the same bile ob- 
tained from 11 bile fistula dogs (Rous-McMaster method), some of 
which received no bile salts and others bile salts containing varying 
amounts of ketocholanic acid The analyses of the duplicate un- 
knowns checked within ±6% of the mean, except in one case in winch 
the error was ±15% Second, pure tnketocholamc acid added to 
dogs’ bile was reco\ered in amounts lariing from 95% to 99% 
Control output of keto-reaettng substances Before ascertaining 
the effect of feeding natural and oxidized bile acids on the keto- 
reacting substances in bile, it wns necessan to determine the amount 
of keto-rcactmg substances present in ‘control ’ bile By “control” 
bile IS meant the bile that is secreted when the animal is fed the 
standard diet onh and no bile or bile salts are administered This 
w'as done in 55 tests on 15 dogs The aierage control daily output 
of keto-reacting substances (Table I ) amounted to 252 ± 16 mg 
(SEkI ) expressed as tnketochoiamc acid or 52 6 ±44 mg of 
carbonjl groups (252 X 209 = 52 6) The daily keto output w'as 
subject to considerable individual \ariation under basal conditions, 
so that the output of keto-reacting substances ranged from 98 to 
507 mg per 24 hours in the different dogs One of the dogs showed 
a 50% aariation between different control periods the others varied 
only from 5 to 15% 

Output of keto-reachnq substances when natural ov-bile salts were 
aduunistcred When natural ox-bile salts were administered, either 
m 3 or 5 g daily doses, there was an increase in keto groups secreted 
in the bile, i c ,72 1 mg and 92 8 mg respectively as compared to 52 6 
mg for “control” bile (Table I) The source of the increased keto- 
reacting substances in bile is problematic However, as has been 
shown before and confirmed in this work, when unoxidized cholates 
are given about 10% are “lost” during one enterohepatic circuit 
This loss of 10% IS approximatelv balanced by the increase of 20 mg 
of keto groups (Table I) This is true only when it is assumed that 
the natural conjugated bile acids “lost” are changed to oxidized con- 
lUffated bile acids which contain 1 1 2% keto groups This is reason- 
hle because if the natural conjugated bile acids in cattle bile are 

Ldlzedthe^ contain 11 2 % keto groups 



TABLE L 

Effect of UnoxidiKid nnd Oiidizc<l Bilo Acldg on Content of Kuto reacting Subatonccs iii Dog 'a Bilo 
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Output of keto-reacting substances when oxidized or ketocholaiuc 
acids were administered We used a product containing oxidized 
conjugated bile acids made from cattle bile (Dechacid No 14, Wilson 
Laboratories, Chicago) That is, cattle bile was oxidized without 
sphttmg-off tlie taurine and glycine This product contained by 
anal) sis 11 2% keto or carbonyl groups We used anotlier product 
containing oxidized unconjugated bile acids made from cattle bile 
'(Ketochol Searle, Chicago) This product contained b) analysis 
18 3% keto or carbonyl groups We also used pure dehydrochohe 
acid (Decholm, Riedel-de Haen, New York), which contained by 
analysis 20 9% carbonyl groups 

^Vhen the oxidized bile acids were fed a marked increase in the 
keto-reacting substances in the bile of the dogs resulted (Table I) 
By subtracting the control output of keto-reacting substances from 
the total output, one may obtain the increase due to the keto-acids 
fed This increase may be assumed to be the amount of keto-acid fed 
that IS recovered m the bile In this way the recovery' of the keto 
acid fed may be estimated Though two other assumptions arc 
possible, w'e believe the one mentioned is the most logical, since the 
increase in keto-reacting substances in bile after unoxidized bile acids 
are fed appears to be due to oxidation of the bile acid lost during an 
enterohepatic circuit rather than to choleresis per se 

Concliisiotis (1) Keto-reacting substances are present m dogs’ 
bile and can be quantitatively determined (2) Tlie output of keto- 
reacting substances is increased slightly when unoxidized bile acids 
are fed (3) When oxidized bile acids or ketocholanic acids are 
administered orally, the output of keto-reacting substances in the 
bile IS markedly increased By assummg that the increase over the 
control output is due to tlie ketocholanic acid fed, one may calculate 
the recovery' in the bile of the ketocholanic acid administered 
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Producbon of Neutropenia in Swiss Mice by Injection of 
Potassium Dicarboxy-benzanthracene 

Hazel A C Lix* ald Raphael Isaacs 

From ilte Thomas Henry Stmpson Henional histiUde for Hedical research, and 
the Department of Hynecology, Unirersity of Hichigan 


Leukopenia, found in one of Dr A T Bradbur}'’s Samss mice 
dying after the injection of dicarboxy-benzanthracene, led to the 
im estigation of the blood changes produced by this drug 

Si\ iss mice, both male and female, i\ ere used, the 9 controls being 
kept in the same cages and on the same food as the injected animals 
Blood 11 as taken from the tail, using the standard technic, and United 
States Bureau of Standards checked apparatus The 9 experimental 
animals receiied subcutaneous injections of 5 mg of water-soluble 
potassium salt of dicarboxy -benzanthracene on 2 occasions one w eek 
apart The mice and corresponding controls laried in age from lyi 
to months 

In normal Swiss mice untreated the aierage of 36 red blood 
cell counts on 18 mice was 8,930 000 ± 1 150 000 per cu mm The 
aierage of 86 white blood cell counts on 18 normal Swiss mice was 
10,100 ± 3,600 per cu mm The absolute number of polmiorpho- 
nuclear neutrophils (aierage of 94 counts on 18 untreated animals) 
lias 5,848 db 2,713 per cu mm 

One week after a single injection of the soluble potassium salt of 
dicarboxi -benzanthracene the aierage total white blood cell count 
fell to 8,655 ± 4 000 per cu mm and in 2 weeks the aierage fell to 
7 300 it 2,600 per cu mm The decrease w as primarily the result of 
a fall in the number of neutrophils, as shown m Table I 

The eosinophils aieraged 153 2 per cu mm in 93 counts in non- 
treated mice, iiitli extremes of Q to 510 per cu mm The lariation 
after injection of the benzanthracene solution was not significant 


TABLE I 

Control period — Absolute Xo of neutroplnls 
One Tveek after first injection 
Second iveek after first injection 

Eeceired second injection at tins tune 
Tliird nreek after first injection 

Fifth ” ” ” ” 

Sixth ” ” ” ’ 

Seventh ” ” ” ” 

Eightli ” ” ” ” 

* Peiping Union Itednal CoUtge, Peijnng (niina 


5 44S ± - “13 per mm3 
d,5C9 It 2,100 ” ” 

2 C23 ± 1,070 

1^00 i: C27 
1,650 ti 800 

3 613 S; 1 5S5 

4-137 fi: 2 215 
5,518 ± 057 
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Before treatment, the average number of monocytes was 7024 
per cu mm (average 6 8% , extremes 1-11%) The variations 1, 2, 
3, 5, 6, 7, and 8 weeks after the first injection were (averages) 672, 
588, 510, 417, 678, 652, and 903 per cu mm 
Before treatment the lymphocytes averaged 3,735 per cu mm 
(36 16% , extremes, 15 and 62%) The variations 1, 2, 3, 5, 6, 7, 
and 8 ueeks after the first injection were (averages) 3241, 4281, 
4283, 4201, 4953, 3829, 3189 per cu mm Thus, while the lymphocytes 
were as high as 70 to 80% during the post-injection period, the ab- 
solute numbers did not varj' greatly, the maximum increase (average) 
being 1218 per cu mm 



Tho leniocj-te clmuges after injection of dicnrboxj boumntliraccuc The currcs 
f ftvcTflCC® for 9 nuc© 

“0” represents the “yerage for a control period of 2 ireeks 
Inj^B^ere made at the points marhed "X 
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There w as no significant change in the number of basophils, whidi 
laried from 0 to 1% 

Suuntiary and Conclusions After the injection of the nater- 
soluble potassium salt of dicarboxy-benzanthracene into Sn iss mice 
there is a marked decrease in the number of poljTiiorphonucIear 
neutrophils a slon er, and moderate decrease in the number of mono- 
cytes, with but slight changes m the number of IjTnphocjhes, eosmo- 
pliils, and basophils Recm er} is complete 7 n eeks after the last in- 
jechon Data on the blood of normal S\\ iss mice are given 
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Relation Between Growth of Pneumococcus III and Goncentra 
tion of Capsular Polysaccharide Appearing in Culture 
Filtrates 

Samuel Charles Bukantz,! (Introduced by Jesse G M 

Bullowa J 

Prom the Littauer Pneumonia Erncareh Fund Xew Tort Unirereit}/ Codeae of 
ytedieinc, and the iledical Srrrire, Harlem Hospital Department of Hospitals, 

\eic Tori Citii 


A method of adapting the photronreflectometer' to the quantita- 
tiA e determination of pneumococcal capsular pol} saccharide in solu- 
tions of unknown concentration has been described" In the present 
in\ estigation, the method was employed to determine the concen- 
trations of SSS III appearing m Seitz filtrates of blood broth cul- 
tures following inoculation with \ ary mg amounts of a standardized 
strain of Pneumococcus 111 these concentrations were correlated 
with the phase and amount of growth of the organisms 

A strain of Pneumococcus III obtained from tlie sputum of a 
pneumonia patient w as brought to constant ^ irulence after the sug- 
gestions of Schmidt and Hiltes ® 5 X ICC ml of a 12-hour blood- 

* These studies received finnucnl support from the Metropohtnn Life Insumnce 
Companv, nnd from Mr Bernard M Baruch Mr Bernard M Baruch, Jr , Miss 
Belle X Baruch, and Mrs II Roliert Samstap 
1 Littauer Fellow m Pneumonia Research 

t Technical assistance in this work was rendered bi Mias Anita Cooper 
iLibbv, R L., J Immiinol , IhSS, 34, 71 26S 

- Buknntz S C , nnd Bullowa, T G M Ppoa Soc Exp Biou, joru Med , 1040, 
43 41S 

1 ‘Schmidt, L n , and HiUcs, C , J Inf Dis , 103'', 65, 273 
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Before treatment, the average number of monocj'tes was 7024 
per cu mm (average 6 8% , extremes 1-11^) The variations 1, 2, 
3, 5, 6, 7, and 8 weeks after the first injection were (averages) 672, 
588, 510, 417, 678, 652, and 903 per cu mm 
Before treatment the lymphocytes averaged 3,735 per cu mm 
(36 16% , extremes, 15 and 62%) The variations 1, 2, 3, 5, 6, 7, 
and 8 weeks after the first injection were (averages) 3241, 4281, 
4283, 4201, 4953, 3829, 3189 per cu mm Thus, while the lymphocytes 
uere as high as 70 to 80% during the post-injection period, the ab- 
solute numbers did not vary greatly, the maximum increase (average) 
being 1218 per cu mm 



The leukocTto changes after injection of dicarboxj bLiimnthracene The curves 

r^^ents the for a control period of 2 iveekB 

IbjSb ivere mode nt the pomt, marked "X. 
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broth culture of the strain Mas injected intraperitoneallj into an 
18 g mouse Tw eh e hours after the inoculation the mouse m as sac- 
rificed and a standard loop of heart's blood of tlie freshly killed animal 
was inoculated into 10 ml of blood broth This cjcle was repeated 
daily and used routmelj for tlie preservation of the strain After 
the eleventh and tw elfth passages, the M L D of the strain w as found 
to be the same — 8 organisms § Subsequent determinations haie indi- 
cated that the \ irulence has not changed, even after the 50th passage 
The 12-hour cultures contain a fairly constant number of organisms, 
usually between 50 X 10“ and 100 X 10“ per ml 

In tlie following experiments, all bacterial counts were made b^ 
the plating method W’lth dilutions m broth Separate pipettes were 
used for each dilution which was mixed 25 times before transfer 
One ml of diluted culture, containing the desired inoculum, was 
seeded into each of a series of tubes containing 9 ml of 4% horse- 
blood-broth A colon} count of the original culture was performed, 
at the same time, in order to determine the size of inoculum used All 
inoculated tubes w'ere then incubated at 37°C for tlie duration of the 
experiment " At 2, 4 6, 8, 10, 12, 24, 28, 32, and 48-hour mten'als, 
one tube w'as removed a colony count performed and tlie contents of 
the tube filtered through the Swmney Seitz Filter Adapter All 
filtrates w'ere sterile, and the pH, determined w'lth mtrazme paper, 
W'as at least 7 0, even after a 48-hour period of incubation The 
concentration of capsular polysaccharide in each filtrate was then 
determined by titration of 1 ml of varying dilutions of each filtrate 
with 1 ml of a standardized serum in the zone of antibody excess, 
photronreflectometnc measurements w'ere made after incubation of 
each mixture in refraction cells for 20 minutes at 37°C Dilutions of 
the filtrates w'ere made m brotli and the concentrations determined M 
reference to a standard curve prepared by titrating varying dilutions 
of the polysaccharide in broth, with the standard serum Filtration 
control studies indicated that filtration of SSS m broth was not quan- 
titative until adsorption bj' the filter had been completed This ad- 
sorption occurred most rapidly m tlie presence of large numbers of 
bacteria (100,000 000 per ml) and the higher concentrations of SSS 

$ According to the modification of the Pnrk Cooper technic emploied hr The 
Massachnsetts Antitoxin and Vaccine Laboratory (White, Biology of the Pnenmo 
cocevs, page 663) 

11 In preliminary experiments 4 tubes seporateh inoculated with the same 
number of pneumococci grew out an identical number of organisms in the same 

Becton Dickinson, manufacturers, Butlicrford, N J 
•• Tlie original broth contained no glucose 
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Pio 1 

The relationship of increases in concentration of capsular polvsacchanile III 
in culture filtrates to the phase of groirth of Pneumococcus III in blood broth, 
two different sues of inoculation of an organism having the same virulence in each 
experiment. 


Solid lines Logantlun of popniations 

Broken lines Expenments I and II, Concentration of SSS in mg 

per 100 ml (mg%) 

Broken lines Dochez and Avery, highest dilution of giving a 


positive reaction with the solution of antibody used by them. 

Experiment I — ^Inoculum of 165 organisms per ml 

Experiment II — Inoculum of 9,000 organisms per ml 

groMth-rate of the organisms In Fig 1 the logarithms of colony 
counts and mg % of polysaccharide produced are plotted as ordi- 
nates, with time as abscissa 

Dochez and Avery^ concluded, from tlieir studies, that the largest 
quantity of capsular polysaccharide v\as found in those pneumococcal 
culture filtrates obtained during the phase of maNimal growth of the 
organism The present observations indicate that the greatest quan- 
tiU of capsular polysaccharide is found in filtrates of blood-broth 
cultures obtained after the maximal growth phase is completed, i c , 
after the completion of the logarithmic phase of growth In this 
regard it was interesting to plot the logarithms of the population and 
the poly saccharide production described in Dochez and Aa en s pro- 
tocol (PoK saccharide concentration was plotted as the highest 
dilution gn mg a positn e reaction, since a dilution method w as em- 

■>0001102, \ R, and Avon, O T , (a) Peoc Por Exp Bion. a\d Med, I^IT, 
14, 12G, (b) J Exp Mcfl , 1917, 20, 477 
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(10-20 nig %) However, following a verj large initial inoculum 
(900,000 per ml, ENperiment III), low' concentrations of SSS were 
obtained in early filtrates despite the presence of large numbers of 
bacteria (63,000,000 per ml), wdiile later filtrates, obtained from 
cultures liaimg approNimatel} the same number of bacteria, yielded 
considerablj higher concentrations of SSS The influence of auto- 
l}sis upon the increase of concentration of SSS has not let been 
adequatel} im estigated because of the difficulty m defining a technic 
for quantitatne determination of the degree of autoljsis Judging 
from the rate of decrease of Aiable organisms, how'cver, there is at 
least one period of significant increase in concentration of SSS m 
filtrates wdnch appears to be unrelated to autoljsis (13th to 24th 
hour, ENperiment II) and more probabl) represents an alteration in 
the ph}siologic actnit) of the organisms 

A small quantit} of capsular pol 3 'saccharide (0 5 mg fo) was 
found after 48 hours follow mg an initial inoculum of 165 organisms 
per ml (ENperiment I) A much larger quantity of pol} saccharide 
(IS mg %) was found after an initial inoculum of 9,000 organisms 
per ml (ENperiment II) Table I summarizes the titrations of some 
of the filtrates obtained following the inoculation of 9,000 organ- 
isms per ml The remaining filtrates were titrated m the same way 
Table II summarizes the results of this experiment in relation to the 


TABLE n 

E-vpenment JX Groivtli of higlily nrulent pneumococcus III m 4% Uorse blood 
broth following nn initial inoculum of 9,000 organisms per ml Concentrations of 
SSS determined with the pbotronreflectometer 


Hrs, 

Colony count 

Log of 
count 

•No of 
generations 

t Generation 
tune (mm) 

SSS 

concentration 
nig/100 ml 

2 

18,200 

4.20 

1 0 

120 

0 

A’SO" 

384,600 

5 59 

4.4 

34 

0 

O’dO" 

5,100,000 

6 71 

3 7 

35 

IS 

8 

24,060,000 

7 38 

2 2 

36 

70 

10 

138,000,000 

8 14 

25 

48 

1.30 

12 60" 

170,000,000 

8 23 

03 

566 

3 6 

24 

106,000,000 

8 02 

— 

— 

12 0 

28 

76,000,000 

7 88 

— 

— 

13 0 

32 

47,500,000 

7 68 

— 

— 

120 

48 

40,000 

4.G0 

— 

— 

18 0 


* From formula for law of geometric progression 

Log of Final Count — Log of Initml Count 


N = 


Log 2 


/After Cbesnev" 


Time in minutes 
Number of generations 
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extracts Furthermore, succeeded in producing total regressions 
in spontaneous breast carcinomas in 27 mice bi lntra^enous iniec- 
tions of spleen extracts 

This report deals Mith the action of another extract on spon- 
taneous malignant tumors m mice, nameh a jeast extract 

Nevorojkm^ injected concentrated suspensions of ^east into trans- 
planted tumors and noticed retardation of groM th and in some cases 
regressions 

Iifaism, Pourbaix and Caejmaex^ demonstrated that thei could 
retard the groirth of experimental cancer in rabbits bi adding boiled 
\east to the food of the animals 

The jeast extract which iias used b) us for intraienous or subcu- 
taneous therapy of malignant tumors was prepared in the follow ing 
manner 2500 g of Brewer s ^east is washed several times with dis- 
tilled w ater The yeast is boiled for 7 minutes w ith 9000 cc distilled 
water to wdiich 0 9 cc of glacial acetic acid has been added The ex- 
tract IS filtered through paper-pulp and concentrated iii vacuo at 
70°C to 1500 cc It IS precipitated with 1500 cc of absolute alcohol 
The filtrate is concentrated tii vacuo at 70^C to 900 cc 

The ) east extract w as used mtra\ enouslj sometimes in combina- 
tion w’lth subcutaneous injections The aierage dose for intraienous 
treatment was 0 1 cm, w’hereas 0 5 cc was injected subcutaneousl} 
The intraxenous injections were gpven into the tail of the mouse 
When used subcutaneously the extract ivas injected as far aw a\ from 
the site of the tumor as possible in order to aioid the possibiliti 
of direct action of the extract on the tumor Dail) , or on alternate 
days, injections w'ere given until the tumor disappeared or were dis- 
continued when the tumor did not respond to treatment Injections 
of jeast extract w'ere continued after disappearance of the tumor in 
order to avoid a possible recurrence 

Thirty-three tumor-bearing mice w ere used for these experiments 
Tw'ent) -tw o came from the Jackson Memorial Laboratorv Strain A 
Eleven were bought from the Rockland Farm The) did not belong 
to a pure inbred strain 

Tile average size of the tumor at the onset of the treatment can 
be recognized from the sketches of the regressed tumors in Table I 

In each instance the malignant character of the tumor was estab- 
lished bv' biopsy before treatment w as started The histologic criteria 
of malignancv were chief!) cvtologic such as manv at)^)^^! mitoses 

^ Ncvorojkin, J , T cstntl Socnt( 7 cnol , 1935, 15, 31-1 

•< Maism, T , Ponrbnii, T , and Cacvmaci, P , Complet rrnduH Sor biot Pan« 
1933, 127, 1477 
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plojed b\ them in estimating polj saccharide produced ) These are 
also represented m Figure I , it is apparent that the major portion 
of polysaccharide in their experiment was found after completion 
of the logarithmic phase of growth Of additional interest are the 
recent obser^atlons of Hoogerheide," tliat the size of tlie capsule 
surrounding Klebsiella pueumomae (Bad Friedlatider) begins to 
increase onlj after the completion of the logarithmic phase of grow’th, 
and the earlier obser\ations of Cowan" that hemolysin appears in 
pneumococcal broth cultures onlj after completion of the logaritli- 
mic phase of grow'th 

Suuiinary The concentration of capsular polysaccharide appear- 
ing m blood-broth culture filtrates follow mg the grow’th of a lughlj 
■virulent, standardized strain of Pneumococcus III, w’as determined 
photronreflectometncall} and correlated witli the grow’th rate of the 
organism An initial inoculum of 165 organisms per ml yielded a 
very’ small quantity of polysaccharide (0 5 mg %) An inoculum of 
9,000 organisms per ml yielded 18 mg % of capsular polysaccharide 
m 48 hours The greatest increases m concentration of polysac- 
charide occurred m tw’o stages after the completion of the logarith- 
mic phase of grow’th 
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Effect of Intravenous Injections of Yeast Extract on Spontaneous 
Breast Adenocarcinomas in Mice 


R Lew isohk, C Leuchtenberger, R. Leuchtenberger and 
D Laszlo (Introduced by Gregorj’ Shw’artzman ) 

From the Lahorotorirs of the Mount Stnni Hospital, Xeto Tori City 


In this laboratory, studies on the action of different spleen ex- 
tracts on transplanted and on spontaneous tumors have been carried 
out for several jears It was shown m previous publications^ ' 
that the complete retrogression of transplanted Sarcoma 180 could 
be accomplished in 60% of the treated animals following subcu- 
taneous injections of biologicallj’^ or chemically concentrated spleen 

THMgerlieide, J C , J Bad , 1939, 88, 3C7 

0 Cowan, ST,/ Path and Bad , 1934, 38, 01 

1 Lewisolm, B , Surg , Gyn and Obsl , 1938, 06, 563 

2 Lewisolin, B , Leuchtenberger, B , and Lagzlo, D , Internal Cancer Congress, 
Atlantic City, Sept , 1939 
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extracts Furthermore, we succeeded m producing total regressions 
in spontaneous breast carcinomas m 27 mice bA intraAcnous injec- 
tions of spleen extracts 

Tins report deals with the action of another extract on spon- 
taneous malignant tumors in mice, namely a jeast extract 

Nevorojkin’ injected concentrated suspensions of jeast into trans- 
planted tumors and noticed retardation of grow th and, m some cases, 
regressions 

Maisin, Pourbaix and Caejmaex"* demonstrated that the\ could 
retard the grow th of experimental cancer in rabbits bj" adding boiled 
jeast to the food of the animals 

The jeast extract which A\as used b> us for intravenous or subcu- 
taneous therapj of malignant tumors was prepared in the following 
manner 2500 g of Brew-er’s jeast is washed several times with dis- 
tilled water The yeast is boiled for 7 minutes with 9000 cc distilled 
water to which 0 9 cc of glacial acetic acid has been added The ex- 
tract IS filtered through paper-pulp and concentrated ut vacuo at 
70“C to 1500 cc It IS precipitated w'lth 1500 cc of absolute alcohol 
The filtrate is concentrated in vacuo at 70^C to 900 cc 

The yeast extract w as used mtrav'enouslj , sometimes m combina- 
tion W'lth subcutaneous injections The average dose for intrav enous 
treatment was 0 1 cm, whereas 0 5 cc was injected subcutaneouslj 
The intravenous injections w'ere giv'en into the tail of the mouse 
When used subcutaneously, the extract was injected as far awaj from 
the site of the tumor as possible in order to avoid the possibility 
of direct action of the extract on the tumor Dailj , or on alternate 
dajs, injections were given until the tumor disappeared or were dis- 
continued when the tumor did not respond to treatment Injections 
of yeast extract were continued after disappearance of the tumor m 
order to avoid a possible recurrence 

Thirtj'-three tumor-bearing mice were used for these experiments 
Tvventj-two came from the Jackson Memorial Laboratorj Strain A 
Eleven were bought from the Rockland Farm Thej did not belong 
to a pure inbred strain 

The average size of the tumor at the onset of the treatment can 
he recognized from the sketches of the regressed tumors in Table I 

In each instance the malignant character of the tumor was estab- 
lished bj biopsj before treatment was started The histologic criteria 
of mahgnancj were cliieflj cj'tologic such as manj atj'pical mitoses 

3 XcTOTojIan, J , Testml Soentfjenol^ 1935, 15, 344 
Maisin, ty PonrlniT, T , and Caevmaci, P , Comptet rcndvt Sor hwt Pan* 
I'lSS, 127, 1477 
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Table 1 Iffecl cf yeast extract 01 spontaneous bi?east adenococcinomas in 
mice jrrtL.-Jgd'Son Memorial Laboratory RT-'Rochland Forms. 


Ko 

Source 

Actual size 
of tumor 

Tpeotment 

storied 

Healed 

Injections 

Intravenous | Subcutaneous 

310 

jni 

oO 

Nov 9 1939 

Nov 25 1939 

11 

0 

350 

- 

0 

10, 

Dec.20 • 

13 11 

352 


0 

■ 10 • 

Ion 9 1940 

13 14. 

362 

• 

© 

■ 10 • 

Dec.16 1939 

11 


5 

402 

H 

OO 

Dec 23 

Jan 13 1940 

11 

10 


2‘ 

joparate tutrx 
1 anterior 

yes 



/////- 

Heraorchogic 










404 

■ 


• 23 • 

16 

12 

3 cm 

« — 1 — I — i 10 

Hie 

■RF 

Q 

Ian.13 ■ 

■ 22 ■ 

7 


7 

R22 


0 

■ 15 • 

21. • 

5 


4 


and striking ceil irregularities, because actual invasion of the adjacent 
healthy tissue could hardly be established in a biopsy whicli had to 
be made as small as possible 

Controls were first deemed unnecessary since it has generally 
been assumed and has been confirmed by personal communica- 
tion from Dr Little that breast carcinoma of Strain A Jackson 
klemorial Laboratory, proven by biopsy, never disappears spontan- 
eously Hou ever, we believed it was necessary to establish whether 
blops^ alone might not influence the natural eA'olution of this tumor 
In 60 mice. Strain A Jackson Memorial Laboratory^ and in 5 Rock- 
land Farm mice, in which only biopsy was performed, ue have not 
observed so far disappearance of the tumor (Strain A Jackson Me- 
morial Laboratory) Hon ever, temporary regressions in size Avere 
noted 

Of 33 animals treated A\ith veast extract, the tumors disappeared 
in 8 mice and haAC not recurred so far (see table) Naturally, the 
animals remain under further observation In 10 animals the tumor 
AAas reduced in size In 15 instances either no change in the size of 
the tumor a\ as noted or they had ca en increased m size a\ hen treat- 
ment A\ as discontinued or the animals died 

Details of the treatment and the source of the 8 mice m AAhich the 
tumors regressed folloAAing treatment Avith yeast extract are pre- 
sented m Table I 

It IS impossible in this brief presentation to describe m detail the 
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interesting microscopic changes which occur m tumors during the 
treatment with 3'east extract Extensive cell necrosis presents a ver}' 
striking picture which will be described m a subsequent publication 
Furthermore, we postpone for a later date reports on the treatment 
of malignant tumors with yeast m powder form or m pellets 
The factors responsible for this action of yeast extract are of 
course entirely unclear Certainlj', many different possibilities must 
be considered For instance, it remains to be determined whether 
bacterial factors which may have been present in j'east extracts 
were operative in the effect described Duran-Re)mals' observed 
total regressions of some spontaneous mammary' carcinomas of mice 
due to repeated injections of bacterial filtrates 
Summary In 8 out of 33 treated mice complete regressions of 
spontaneous breast adenocarcinomas w ere effected w ith mtrai enous 
and subcutaneous injections of yeast extract 
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Action of Sulfathiazole and Sulfamethylthiazole on 
Staphylococcus aureus 

Geoffrey Rake and C M McKee 

From the Sqmib Institute for Medical Sescarch, AVic Sninsunct, K J 

Studies'"* on certain thiazole analogues of sulfapyTidme’ ° hate 
indicated that these drugs have a therapeutic activity equal to that of 
sulfapyndine when tested against pneumococci, streptococci, menin- 
gococci and the agent of Ijunphogranuloma venereum and that the 
toxicity' of sulfathiazole itself is usually' less than that of sulfapin- 
dine More recently' there have appeared seieral communications 
dealing with the activits of sulfathiazole and certain of its denratixes 

5 Dnrnn Beynnls, F , Proc Soc Exp Biou axt> Med , IDSS, 32, 1317 

l\anDvkc, H B Gropp, B O Bnkc, OrofTrrT nnd MrKcp C Af , Prop Soc 
Ftp Biou axd Med 1039, 42 410 

2 McKoe C M Bnkp GcolTrc'\ , Creep, H O nn<l \-an Dvke, II B , Ppoc Soc 
Exp Biol. a\d AIfd , 1919 42, 417 

A Bnkc CeoflreN , van D\ ke 11 B , Convin, W 0 MeKec, C AI , nnd Creep, 
B O J Bnet , 1940, 30, 41 

Cooper, F B Croi^ Pnul, nod T^ewis Mnnon Proc Soc Fxp Biol v\t> 
Mfd , 1039, 42 431 

“ Fo^londer B T nnd AVnlter E \ rim Chrm Sor 1930 01 903'' 

"lott W A nnd Bcrccim Frank IT , J 4m Chrm tor 1030,01,3303 
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on staph} lococci Herrell and Brown" found much greater tii 
vitro bacteriostatic activit} of sulfamethylthiazole than of sulfa- 
thiazole against Staphylococcus aurtus Howe\er, the} gue onl} 
one experiment and that m brief The} also state that “much more 
marked protection" was accorded mice infected with Staphylococcia 
aiiniis when these animals were treated with sulfamethylthiazole 
than w hen treated w ith sulfathiazolc, but give no details Law rence® 
found that sulfameth}lthiazole had a greater bacteriostatic actnit} 
than had sulfathiazolc but his results w ould seem to be m part vitiated 
b} the use of supersaturated solutions Barlow and Homburger/ 
using small numbers of mice, gne results which indicate little if an} 
greater therapeutic actnity of sulfametlnlthiazole as compared with 
sulfathiazolc Finall} Helmholz'® found that \oided urine from 
patients treated with either of these two drugs was markedh bac- 
tericidal for Staphylococcus aureus c\en with drug concentrations 
as low as 16 mg % 

In carrMug out in zitro studies with sulfathiazole, sulfametlivl- 
thiazole and sulfap} ridine it has been found that minor variations in 
the technic used or in the broth menstruum ha\e greatly influenced 
results \\ hen howe\er, concentrations of drug of approNimatelv 
200 mg % are used and supersaturated solutions are avoided, it has 
been found that the medirl dernatne has greater bacteriostatic ac- 
tnit} than sulfathiazolc which in turn, is more actne than sulfa- 
pr ridine Table I show s such an experiment 

Poured plates inoculated with 0 1 ml of diflterent dilutions of the 

TABLE I 


Action of Sulfathiazolc (ST), SulfapTridine (SP), and Snlfamctliylthinzole 
(SMT) on *y(fiphv{orocrit)f mirnin in iitro 


ST 

SP 

SHT 

Control 

Immediate 

2 hr 

4 >> 170 

6 ’> 1800 

24 > ’ 460 million 

40 

50 

1170 

9200 

1260 million 

SO 

140 

140 

1300 

7 4 million 

20 

230 

7100 

530,000 

1580 million 

Drug concentrations in each case 198 mg% added to broth after nutoclaving 
♦Figures indicate number of colonies per ml 

Inocnlum iras 0 1 nil of 1(H> dilution of 18 hr culture of strain MK in 2 ml 

volume. 




7 Herrell, W E , and Broivn, A 

E , Prve Staff Meetings Mayo C?i7iic, 1939, 

14, 753 

8 Laivrence, C A., (a) J Fact , 

1940, 30, 48 , 

(b) Pnoc Soc 

Exp Biol ako 


Med , 1940, 43, 92 

0 BarloiT, O W , and Homhurger, E , PROC Soc 'Exp Biol, akd Med , 1939, 
4-2 702 

M Helmhol*, H F , Proc Staff Meetings Mayo Chnic, 1940 15, 65 
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cultures were made at the time mten^als indicated Counts \\ ere made 
and those recorded are from plates which gave the largest number 
of easily countable colonies 

Other experiments under similar conditions but i\ ith colon\ counts 
at different intervals of time confirm the relationship of actu it} , 
namely, sulfamethylthiazole > sulfathiazole > sulfap}ridine In 
certain cases, howe^er, suIfap}Tidme and more particular!} sulfa- 
methylthiazole have not remained m solution during tlie test pre- 
sumably because the starting solution was supersaturated It v ould 
seem essential to avoid such precipitation of drug u hich ma} ^ itiate 
the results by decreasing the total amount of drug in solution This 
condition of supersaturation seems to be rather a factor ot the con- 
stitution of the broth than of the actual concentration of drug Other 
factors, such as autoclaving the drug in the broth (uith or without 
added glucose) or adding the drugs to the broth after the latter has 
been autoclaved (as in Table I) have also altered the results 

The agar cup plate method of testing iii vitro activit}“ was also 
used * When the drugs w'ere mixed with 5% gum acacia, sulfathia- 
zole vvas found to be the most active compound producing inhibition 
of growth in a dilution of 1 8000 as compared to 1 3000 for sulfa- 
methylthiazole and 1 1000 for sulfapyridine Differences m solubil- 
ity and diffusibiht} probabl} account for these differences m actnitv 

In the ut VIVO experiments drugs were administered to mice m 1% 
of their normal dr} diet ' Five different strains of Staphylococcus 
aureus, 3 hemol}-tic and 2 non-hemol}'tic, were used The mice were 
inoculated intrapentoneally and received m each case approximate!} 
500,000 organisms suspended in 1 ml of 5% mucin Mice w ere kept 
on the drugs for 10 da}s and then obsen^ed for an additional 21 da}s 
after return to normal diet \t the end of the 31-da} period sur- 
vivors w'ere autopsied and the persistence of infection noted bv obtain- 
ing positive cultures from one or all of the follow mg organs spleen, 
Iner and kidnev Deaths after 7 da}s were ^er} unusual 

As seen in Table II sulfap}ridine had eer} little if am actuite 
Both sulfathiazole and suIfameth}Ithiazole protected mice and the 
former drug w as slighth but consistent!} better than the latter, as 
showm both In the number of surening mice and b} the percentage of 
residual infection in the organs as determined at autopsa It ma} be 
noted that rough and other aariants were found among the strains of 

nluiriilc C L A and Brener, C At , TJ S Dipt of ARrieulture, 1031, eircahr 
N*o lOS 

•We ni'li to txprc^i our tInnU to Dr Brandt Eon of Pliilndelpliin for nip 
Ri •tinp tlie u^c of thii test 
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TABLE IL 


Action of Sulfntluniolc, Sulfapyndine and SulfamethTlthintolc tn vivo 


Strain 

Xo of mice 
in CHcli group 

ST 

SP 

SJIT 

Control 

MK 

NH 

30 

oo* 

3 

OO 

0 

Co 

NH 

40 

17 

4 

14 

3 

469 

H 

30 

15 

o 

9 

O 

087 

H 

30 

21 

3 

15 

1 

G31 

H 

20 

20 

6 

18 

o 


Total 

150 

93 

18 

78 

8 

% of sumvora vrliose organs 
gave positive cultures 

14% 

18% 

25% 

12 5% 


n — Hemolytic strain NH — Non hcmolvtic strain 
• Fignrcs indicnto nnmbor of survivors over 31 day period 


Staphylococcus aureus recovered from the mice treated Mith eacli of 
the 3 drugs 

Suutiitary In iii vitro experiments \\ ith Staphylococcus aureus sid- 
famethvlthiazolc has shown greater bacteriostatic activity than sulfa- 
thiazole, the activity of the latter was in turn greater than tliat of 
sulfapyridine In in vivo experiments with the same organism sulfa- 
pyridine has had little if any, activitj Both sulfathiazole and sulfa- 
methylthiazole have protected mice and the former drug has been 
slightly but consistent!) more active than the latter 
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Mechanism of the Blood Pressure Response to Anoxia During 

Hypoglycemia 

A VAN Harreveld and W L McRary 

From the Witliam G Kerclhoff Lahoratories of the Biological SHenaes, California 
Institute of Technologv, Pasadena, California 


Gellhorn, Ingraham and Moldavsky* found that breathing a mix- 
ture of 6 2% oxygen in nitrogen caused a marked rise in blood pres- 
sure in dogs which had been made hypoglycemic by the injection of 
insulin Intravenous injection of glucose made this blood pressure 

1 Gellhorn, E , Ingralnm, H C , and Moldnvskv, L , J Xeitrophyswl , 1938, 
1, 301 
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response disappear Since, according to Ingraham and Gellhom,* 
this rise in blood pressure is not due to a discharge of adrenalin, the 
authors first mentioned assumed that this phenomenon is caused by 
a “tremendous excitation of the sympathetic centers ” Lambert and 
Gellhorn’ reported (contrary to Hejmians, Nouak and Samaan'*) 
that the rise m blood pressure caused by the inhalation of a gas mix- 
ture low in oxygen is not due to a direct stimulation of the medullary 
centers but to a stimulation of the chemoreceptors in the carotid sinus 
and in the thorax, causing through a reflex the rise m blood pressure 
Therefore Gellhorn, Ingraham and Molda\ sk)" think it probable that 
the responsn eness of the medullar}' centers to these impulses is 
increased by hypoglycemia * 

The same phenomena have been obseiw'ed m man by Kraines and 
Gellhorn'’ under similar conditions, and Gellhorn® has used the above 
assumptions to explain the therapeutic effect of insulin shock m cases 
of schizophrenia 

When trying to explain the large rise in blood pressure from anoxia 
during hypoglycemia it should be kept m mind that the blood pressure 
IS the resultant of a large number of often opposite reactions He}- 
mans and Bouckaert' emphasized that the excitabiht} of the central 
nervous system (cns ) is an important factor m determining the 
result of anoxia on the blood pressure 

To iinestigate the influence of the excitability of the cn s on the 
blood pressure response to anoxia, this reaction was studied at various 
levels of narcosis The blood pressure was recorded with a mercur}' 
manometer connected wuth one of the carotid arteries The dye 
“fastusol BB A.’’ served as an anticoagulant ® In ^ en superficial 
narcosis the blood pressure response of dogs cats and rabbits to 
breathing nitrogen or a gas mix-ture of 4 7% ox}'gen m nitrogen for 
1 to 2 minute's (either spontaneous!} orb} artificial respiration) was 
inconsistent sometimes a small rise resulted but in other experiments 
an appreciable fall of the blood pressure w as obser\ ed In all experi- 
ments deepening of narcosis (chloralose or nembutal) increased 

- InBrnlmm, R C and Gcllliorn E , Proc ‘Soc Exp Biol, axd Med , 1130, 
40, 315 

a Lambert, E , and Gellhorn E , Ppoc Soc Ext Biol. \xn Med , 1038, -JS, 427 
3 Hermin 5 , C Nowak s; T G and Samann, A , ronipl Rrnd Soc Biol , 1034, 
117, J4S 

•Assuininc that the risponse of the rlicinorct.ei)tor» to anoxi i la the same in 
the hvpopBccmic and in the normal stntc 

' Krninta S 11 , and Gellhorn, E 4ni J Pm/chiatru, 1030, 01, 1007 
a Gellhorn E,.4re7i ^ < arol Pmirhial Chicago, 1P38 40, 123 
■ Ilevmaiu C , and Bonokaert 7 T , Frorbn Pinj^ml 1030,41,28 
s Modell W , Srrriiec 1030, 80 340 
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the rise in blood pressure as a response to anoNia, or changed the fall 
of the pressure during anoNia into a rise As narcosis became deeper 
the blood pressure lex el often fell, so that the blood pressure rise as a 
response to anoNia, though larger, often failed to reach as great a 
height as a similar rise during light narcosis In Fig 1 are shown 3 
responses to anoNia in an experiment which does not haxe tins dis- 
advantage A cat of about 3 kg body xveight w as given artificial res- 
piration and at 10-minute interxals the animal was caused to breathe 
nitrogen instead of air for a period of 1 minute The response in 
very light narcosis (100 mg chloralose) w as a \ erj marked fall of the 
blood pressure accompanied b} a decrease of the heart rate (A) 
Three prexious periods of anoNia m this state of narcosis had gnen 
almost identical airves After injecting another 100 mg of chloralose 
the blood pressure response (B) consisted of a rise followed b} a 
fall In curve A. also, a suggestion of this initial rise can be seen 
After the injection of another 100 mg of chloralose the initial rise 
was still larger and the follow mg fall m blood pressure had diminished 
materialh (C) The blood pressure was practicall) the same at 
these 3 lex els of narcosis These experiments suggest that a moderate 
depression of the functions of the c n s favors a blood pressure rise 
as a response to anoxia It is likely that this is caused bx a suppres- 
sion b} the narcosis of reactions counteracting a marked rise in blood 
pressure either caused directly by the anoxia or mdirectlj bx a 
slight rise m blood pressure {eg the carotid sinus pressure reflex) 
It has to be assumed that these latter reactions are depressed more 
markedly by the narcosis than are the reactions causing the rise in 
blood pressure 

It is xxell known that hj-poglj cemia causes a depression of the 
functions of the c n s , xvhich can in severe conditions lead to coma 
Less severe hj'poglx ceniia also depresses the functions of the c n s 
as has been shoxvn by Wiedeking“ for cortical functions It is 
therefore quite possible that the combined effects of hypogljcemia 
and narcosis caused m the experiments of Gellhom, Ingraham and 
Moldavsky, a depression of the c n s to such a degree that anoxia 
brought about a marked rise in blood pressure because the reactions 
counteracting this rise xx ere depressed To examine tins conception 
the effect of hj'pogl) cemia on one of the reactions counteracting a 
marked rise m blood pressure xx as investigated, namely the depressor 
reflex in the rabbit Txvo to 3 hours after the intravenous injection 
of 10 to 15 units of insulin per kg body xveight m the fasting animal, 
the depressor nerve xvas isolated and the carotid arterj arranged for 
}^curol f 1937, IfiO, 417 
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Three Wood pre^sun rispimnb to nnoxin (nitrogen for 1 minuti) nt 3 levels 
of narcosis in a cat of 3 hg bodvweight The ivlute dots indicate the beginning 
and end of introdming nitrogm into the apparatus for artificial respiration “A." 
after adminisUnng lOO mg of chloralosi * B” after a total of dOO mg and "C” 
of 300 mg of tldor ilosi Tinu intiriaN 1 second 


blood preasiiirc rceordin" Tin. animals usualh were in a hjpogK- 
ccnnc conn and showed occasional commlsions Cliloralose or nem- 
butal was used as narcotic The blood sugar was determined before 
and after the intravenous injection of 3 to 5 gr glucose The de- 
pressor nerve was stimulated faradicallv with ma\tnial stimuli 
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Before injecting glucose tlie depressor nene was stimulated re- 
peatedly, no large fluctuations of the responses yere observed In 
all the rases presented in Table I the fall in blood pressure during 
10 sec of depressor stimulation was larger after administering glu- 
cose than during hj-poglj cemia It takes about 20 minutes for this 
effect of the glucose injection to fully develop In some cases (2 and 
a) the stimulus did not cause anj reaction dunng hj'pogl) cemia , 
after injection of glucose, hoye\er, the same stimulus caused an ap- 
preciable fall It can be concluded tliat this reflex, like manj other 
reactions of the c n s , can be depressed by hA-poglj cemia 

On repeating Gellhom, Ingraham and Molda\ skj^’s experiment on 
the rabbit ye found in part of the cases no marked blood pressure 
rise caused by anoxia, though the blood sugar le^el yas found to be 
quite low It is possible that this is characteristic for the rabbit since 
Gellhorn, Ingraham and Molda^sk^, yorking on the dog, did not 
report this inconstancj It must be assumed that in these cases the 
combined effect of hj^pogl} cemia and narcosis did not depress mark- 
edlj the reactions counteracting a blood pressure rise In agreement 
uith this the depressing effect of hj'pogl} cemia on the depressor 
reflex was found onh in part of the experiments, in the others the 
injection of glucose in the h^qraglycemic animal caused no change m 
this reflex 

This explanation of the marked rise in blood pressure as a response 
to anoxia dunng h> pogl) cemia, as a depression of the functions of 
the c n s is quite in keeping with the usual depressing effect of hA-po- 
gl} cemia on the c n s 

Conclusion The large blood pressure rise due to anoxia, obserAed 
during h}TK>gl> cemia maA be caused Aa a seA ere depression bj the 
combined effect of narcosis and hATJOgh cemia of those reactions 
AA hich counteract a marked rise in blood pressure, the reactions caus- 
ing this rise in blood pressure being less sca erelj depressed 
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Bleeding Induced in Uterine Mucosa of the Rabbit by 
Estrogenic Hormone 

Bernhard Zondek 

Ttoiij the Laboratory of the Gyiiwrolooical Obstetrical Department of the 
JlothschiUl JJaelassah Vniirrsity Hospital Jerusalem 

B} using gonadotropic hormone it is possible to produce m tlie 
ralibit a profuse bleeding which roots up the entire uterine mucosa^ 
The blood penetrates through the lifted areas of tlie epithelium into 
the uterine ca\ it) and finalh escapes into the vagina This bleeding 
IS obser\ed especiall) after lntra^enous administration of the hor- 
mone and onl) rareh after subcutaneous administration The most 
suitable dosage pro^ed to be 100 RU gonadotropic hormone daily 
for 5 da)s The bleeding appears on the 6th day This effect was 
obtained w ith gonadotropic hormone from pregnane) urine or preg- 
nant mare serum The immature rabbit, weighing 1000-1400 g, is 
more suited for these evpcnments than w hen sexually mature If the 
extirpated uterus is inspected against a strong light the blood can be 
recognized in the uterus with the naked e)e but the macroscopical 
findings w'ere not solely relied upon Each preparation was exam- 
ined histologicall) In some cases the blood was found distributed 
o\ er w ide areas, sometimes there w'ere only circumscribed spots To 
be sure that bleeding had not been artificially produced b) handling, 
the abdomen w as opened, then filled w itli 4% formalin and the uterus 
was removed se\cral hours later It was possible to induce prolifer- 
ation, and in some cases, progestational transformation m the mucosa 
uteri b) administration of gonadotropic hormone for 5 da)s In no 
instance w^as the bleeding found in the progestationall) altered mucosa 
but only in the prohferatne one In the same uterine horn different 
areas ma) show different stages of development E\en m such cases 
the bleeding w^as alwa)s found in the prohferatn ely developed areas 
From this we ma) deduce that progesterone counteracts the bleed- 
ing effect 

Bleeding could not be obtained m the castrated immature animal by 
the use of gonadotropic hormone, so it was obvious that tlie effect 
w'as produced vto the oiary The question now" arose w'hich of the 
tw'O ovarian hormones w"as responsible for the production of the 
bleeding The corpus luteum hormone could be eliminated, since no 
bleeding w-as eier encountered in the progestational mucous mem- 
B , J of Obstr and Gyneecol of the Brit Emp , IQSS, 45, 1 
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Uterine Mucosa Bleeding Induced by Estrone 571 


brane , and experiments conducted with progesterone had also nega- 
tive results It IS, therefore, the estrogenic hormone which should be 
considered in this connection We injected into immature rabbits 
100 lU of estrone m aqueous solution daily for 5 days There was 
in some cases slight circumscribed bleeding, but we did not find the 
marked bleeding which spreads under the entire mucosa, eventually 
penetrating through the epithelium into the cavum uteri, as with 
gonadotropic hormone Since it was not possible to produce bleeding 
of the uterine mucosa with either of the two ovarian hormones 
(estrone, progesterone) we suggested a third ovarian factor, hitherto 
unknown, which might be stimulated bj gonadotropic hormone^ 
This assumption was found unnecessary', for it has been found 
possible to achieve the bleeding eflfect with estrogenic hormone, if a 
special experimental procedure is adhered to, taking into account the 
following factors 

( 1 ) Dosage 

(2) Interval between administration of hormone and examina- 
tion for the bleeding effect 

(3) Mode of application 

The most suitable dosage was 2 injections of 500 to 750 lU of 
estrone given at intervals of 12-24 hours It is of prime importance 
that a powerful hormonal stimulus should be given m the course of 
one day, then wait several days Usually the bleeding appears after 
an interval of 5 days The most effective mode of application is by 
tVve mtravenous route The vwtravewous uvyecUon of estrogenic hor- 
mone IS practicable in aqueous solution prepared in the following w ay' 
Dissolve 10 mg of crystallized estrone in a small quantity of abso- 
lute alcohol add 1 cc of n/NaOH solution, after some time add water 
to 100 cc so that the estrone is dissolved in n/100 NaOH The 
alcohol IS then evaporated in vacuo One cc of this solution contains 
1000 lU of estrone 

The experiments were performed with 13 immature rabbits When 
estrone was injected subcutaneously in oilv solution hypcraemia 
but no bleeding was observed (R 604 and 606) When the hor- 
mone w as spread ov er 4 day s ( R 591 ) or w hen too large doses w ere 
used (3000 lU) bleeding was not obtained (R 576, 579 597) 
\dhcrmg to the above described experimental procedure bleeding 
appeared m 5 of the experimental animals (Table I) 

The estrone-produced bleeding is identical w ith that produced In 
means of gonadotropic hormone vet does not seem to occur so reg- 
ularlv The vessels show lacuna-hke dilation the blood penetrates 
the mucosa lifts the epithelium and enters the uterine cav itv and 
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Bleeding Induced in Uterine Mucosa of the Rabbit by 
Estrogenic Hormone 

BER^HARD Zondek 

From the TMboraInry of ihe G>in(rrologirat Obsictncnl Department of the 
Tioihscliild Unda^ah Umrcrsiti/ nnspiiol, Jenisnlcm 


B> using gonadotropic hormone it is possible to produce in the 
rabbit a profuse bleeding m Inch roots up the entire uterine mucosa ‘ 
The blood penetrates through the lifted areas of tlie epithelium into 
the uterine cant} and finalh escapes into die lagina This bleeding 
IS obsened especially after intravenous administration of the hor- 
mone and onh rarely after subaitaneous administration The most 
suitable dosage pro\ed to be 100 RU gonadotropic hormone daily 
for 5 days The bleeding appears on the 6th day This effect was 
obtained \\ ith gonadotropic hormone from pregnanc} urine or preg- 
nant mare serum The immature rabbit, weighing 1000-1400 g, is 
more suited for these expenments than w hen sexually mature If the 
extirpated uterus is inspected against a strong light Uie blood can be 
recognized m the uterus with the naked e}e but the macroscopical 
findings were not solely relied upon Each preparation was exam- 
ined histologically In some cases the blood was found distributed 
oi er w ide areas sometimes there w ere onl} circumscribed spots To 
be sure that bleeding had not been artificialh produced by handling, 
the abdomen was opened, then filled w ith 4% formalin and the uterus 
was removed several hours later It w'as possible to induce prolifer- 
ation, and m some cases progestational transformation m the mucosa 
uteri by administration of gonadotropic hormone for 5 da} s In no 
instance w’as the bleeding found in the progestationall} altered mucosa 
but only in the proliferative one In the same uterine horn different 
areas may show different stages of development Even in such cases 
the bleeding was alvva}s found in the prohferatively developed areas 
From this we ma} deduce that progesterone counteracts tlve bleed- 
ing effect 

Bleeding could not be obtained in the castrated immature animal by 
the use of gonadotropic hormone so it was obvious that the effect 
was produced via the ovar} The question now arose which of the 
two ovarian hormones was responsible for the production of the 
bleeding The corpus luteum hormone could be eliminated, since no 
bleeding was ever encountered in the progestational mucous mem- 
GielDnt^E^ 1938 , 45 , 1 
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tion It has been shown* that the uptake of water in the Brunn reac- 
tion IS 2 to 3 times as great in the summer as in the w mter months m 
this locahtj No exogenous factor was found to account for this 
seasonal variation which was tentativelj ascribed to variation in some 
endogenous mechanism " 

Zahl“ has reported that there is a seasonal variation in the histo- 
logical picture of the pars distahs of the frog with more acidophihc 
cells in the w mter than in the summer The acidophilic cells of the 
buccal lobe are believed to elaborate growth hormone and possibl) 
other hormones such as the thyrotropic and gonadotropic factors ■* ° 
We therefore considered it possible that an excessive production of 
anterior pituitary principles might hav e accounted for the depression 
of the Brunn reaction in our winter frogs That anterior and pos- 
terior pituitarj' hormones antagonize each other upon certain phases 
of mammalian water balance has been known since the initial ex- 
periments of Harve} Cushing and his colleagues, von Harm and 
others ° Elmer writing from Lwovv quotes Carter as stating that a 
“Ringer extract of the whole pituitarj produced tlie winter 

condition in a summer heart” of frogs ‘ Biasotti® found that an 
extract ot the anterior part of the pituitary body had no immediate 
effect on the bodv water of a South American amphibian, Lcpto- 
dnctyhis occUatus 

If anterior pituitar) hormones account for the winter depression 
of the Brunn reaction, the} may act in one or both of two wa}S, 
either bv directly neutralizing the water balance component of pitui- 
tarv (posterior lobe) extract or by so altering the receptor cells upon 
which this extract acts that it cannot effect as great an uptake of 
water into the bod} We wish to report experiments bearing upon 
the fir':t possibiht} Using the same technic as in prevnous studies 
of the Brunn reaction" we injected into frogs in water pituitary 
(posterior lobe) extract w ithout and w ith sev eral commercial anterior 
pituitarv , human pregnancy urine and pregnant mare serum prepara- 
tions, the latter in doses corresponding by weight to 1 to 1000 tunes 

= BoTa, E JI , iinck, E G , nnd Sjutli, A E,Jni J Plivsiol IW, 127, S2S 
V Zalil P A , Proo Soo Exp Biou vnd VIed , 1935, 33, 56 
■•Ann Dvkc, H B, The P/i’/gioloov itnii PhoTmnrolnnv of thr Pttiiitnni Pothi 
X.ni\ of ChicRRo Pros', 1936, nnd V^ol 2, 1939 

v Svmposium The Piluitarii Glanti Wilhnms nnd W ilUi" BaltimorL, 19"S 
9 Fisher C, Ingram W R , and Sanson S W, Dmbetrn /nnpidws oml thr 
Xciirohormoiiat ControJ of Water Snianre, Edmrds Bro' , Ann Arbor 193S 

"Elmer A W , Iodine Ifelnboluim and Thnroid hiinrlinn Oxford I'nn 1 ri-*' 
London, 193S 

s Binsotti, A , Comp rend Sor de htol 1923 88 3(il 
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Bleeding of the TTtenpe Mucosa of the Rabbit Induced by Estrogeme Hormone 


Animal 

(rabbit) 

No Preparation 

Dosage 

(ID) 

Interval 

between 

injections 

Mode of 
ndmmis 
tration 

Bleeding 

Day when 
uteri were 
examined 

oG5 

Estrone aqn 

2i750 

1 day 

i V 

•4 

4 

see 


2x750 

1 ” 

i V 

+ 

5 

169 

if 

2x750 

1 ” 

i V 

-h 

4 

588 

ft 

2x750 

1 ” 


4" 

5 

589 

tl 

2x750 

1 ” 

1 V 

4* 

5 

G05 

Estrone ol 

2x500 

1 ” 

BX 

4- 

5 

567 

Estrone aqn 

1x750 

— 

a V 


3 

576 

f f 

3x1000 

18 lir 

LV 

— 

5 

579 

1 r 

3x1000 

18 ” 

1 \ 

— 

5 

591 

} t 

4x300 

4 daya 

i V 

— 

5 

597 

j f 

3x1000 

18 lir 

1 > 

— 

5 

604 

Estrone ol 

2x250 

Idny 

6 C 

Hyperemia 

5 

606 

f i 

2x750 

1 ” 

8 C 

if 

5 


vagina The anatomical picture greatly resembles that found m 
bleedings from a proliferatively developed mucosa m humans 

The sexual cycle, in the rabbit, is without bleeding That it is 
possible to produce bleeding as in humans and monkeys, may pro- 
vide the opportunit} of stud) mg the mechanism of the uterine bleed- 
ing m rabbits 

Siivwwry With estrone bleeding may be induced in the uterine 
mucosa of the rabbit The blood penetrates through the lifted 
epithelial areas and eventually enters the uterine cavity and 'V'agina 
This effect ma) be obtained by two injections of 500 to 750 lU of 
estrone given intravenously during 12 or 24 hours Bleeding appears 
after 4-5 dajs 
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Anterior Pituitary Extracts and the Brunn Reaction in Frogs 
Eldon W Boyd and J D Gibson 

From ihf Veparimeni of Pharmacology Quern » Unnermty, King<<ton, Canada 

When pharmacopoeial extracts of the “posterior pituitary gland” 
are injected into frogs immersed m water there follows an increase 
in body weight due to an uptake of water which lasts 3 to 6 hours at 
room temperature This reaction was first investigated by Fntz 
Brunn at Prague^ and we shall refer to it simplv as the Brunn reac- 
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Studies on the BoMne Electrocardiogram I Electrocardio- 
graphic Changes in Calves on Low Potassium Rations * 

[ F StKEStXDB V Alfredsov ( Introduced b} F N Wilson) 

From the Departmeni of Plivgiolooii and Pharmacology, Mtclitgan State Colleae 

Eafti Lani^inq 

Four cahes uere placed on a semipunfied ration iihich anahzed 
0 10-0 12% potassium Four control cakes were gi\en the same 
ration except that potassium w as added to bring the le\el of this con- 
stituent to 0 35% The animals were placed on this ration at 160 
dais of age Preiious to this thei recened whole milk and a small 
amount of ha\ and gram 

Electrocardiograms were usually taken at monthl} mterials but 
tor some periods more frequentl} The electrodes which were of the 
German siKer plate t}'pe were placed on the upper part of the 2 fore 
limbs and just aboie the hock on the left hind leg The areas on 
which the electrodes were placed were clipped cleaned and coiered 
w ith electrode paste applied w ith ngorous rubbing 

Serum potassium determinations w ere made on all cah es at 2-w eek 
intenals more often when deemed necessari bi a modification of 
the titnmetnc method of Shohl and Bennett ^ 

Plasma calcium phosphorus and magnesium determinations w ere 
earned out at w eekk intere als in order to make certain that the ration 
was not deficient in these elements 

Blood Changes Coif C 394 On the 270th dar of the experi- 
mental period this calf had a serum potassium lalue of 17 0 mg % 
Se\ elite daes later this ealue had fallen to 10 2 mg % and for a 
period of about 60 dae s it remained below 13 5 mg % On the 350th 
dae of the experiment the potassium in the ration was increased to 
0 20% for a period of 130 dais after which the potassium was again 
reduced During this 130-daj period the serum potassium leeel 
increased to 18 0 mg % and it has since eaned between 15 and 18 
nig % m spite of the reduction of potassium m the ration 

Calf C 395 On the 270th daj of the experimental period the 
serum potassium le\el of this calf was 21 9 mg % On the 340th da\ 
It had decreased to 1 1 3 mg % and it remained below 14 0 mg % for 
n period of about 60 dajs The potassium of the ration was then 

^ Pohlisliod xntli tlio authorimtion of tlio Director of the Aticliipan \pricultunl 
P'cpenmcnt as journal article Xo -IOC (n « ) 

A T , and Btnnett, H B J JJiof C/irm 1^2S 7S W 
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the average recommended single injected human dose These prep 
arations used included Gonan and Serogan (B D H ), Antoph-ssin 
fWinthrop), Antuitnn-G (P D &.Co ) and the gonadotropic, thjTo- 
tropic and lactogenic fractions marketed by Ayerst, all of these prep- 
arations being generously provided us b> the companies concerned 
A grant vhich defrayed part of the expenses of the investigation uas 
provided bj Parke, Da^ is and Co through Dr E A Sharp 

None of these preparations had any effect upon the Brunn reaction 
in the doses emplo\ed To illustrate this, the percentage uptake of 
water w'as averaged in all groups of frogs receiving the same human 
dose cqunalent of the preparations and 1 inteniational unit of pitui- 
tary (posterior lobe) extract per 10 g body weight gning a total 
of 96 frogs to each group and the mean \alues so obtained haie been 
compiled m Table I Similar experiments made with lower doses of 
pituitary (posterior lobe) extract down to 0 1 units per 10 g yielded 
similar negative results These results indicate that tliat fraction of 
pituitan' (posterior lobe) extract which produces the Brunn reaction 
IS not directly neutralized by any of the anterior pituitary or anterior 
pituitary'-hke hormones present in the preparations used 

It seemed unlikely that any of these anterior pituitary or anterior 
pituitaryMike preparations could of themsehes affect body water 
during the 5-hour mteryal after their injection yvhen body weight 
was being measured To be sure of this, we injected them without 
pituitary (posterior lobe) extract and in a dosage range similar to that 
used above and found in some 500 frogs that changes m body weight 
were not significantly different from those in controls 

Coticbiuou A number of anterior pituitary and anterior pituitary - 
like preparations w'ere found to have no effect during 5 hours after 
their injection into frogs m Nvater either on normal body water or 
upon the Brunn reaction 


TABLE I 

tiptake of Water by Leopard Frogs m Water Injected with Pituitary (Posterior 
Lobel Extract with and without Increasing Doses of Anterior Pituitary Prepnrn 
' tions (AP) 


Pitintiin atone , , 

” -f- equivalent human dose AP 

I’ -1- lOX ecinivalent human dose AP 

M + loox ” ” ;; ;; 

11 + lOOOX ” ” 


% uptake of water 
(Mean 96 frogs) 

2 hr 

3 hr 

4 hr 

6hr 

14.1 

15 0 

13 5 


13 1 

15 4 

13 1 

9 9 

118 

16 2 

13 8 

10 4 

10 0 

14 4 

12 8 

94 

10 3 

151 

13 6 

10 8 
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The calcium, phosphorus and magnesium values of the plasma 
remained within normal limits m both experimental and control 
animals 

Electrocardiographic Changes Three of the 4 experimental ani- 
mals showed pronounced changes m the electrocardiogram The 
other (C 410) failed to show any change possibly because the serum 
potassium did not fall so low or remain at as low a level for so long 
a period in this calf as in the others 

The outstanding change in the electrocardiograms of these calves 
consisted in a pronounced increase in the duration of the QRS The 
Q-T lnter^al, also, increased, but this increase w^as obviously due 
main!} to the broadened QRS deflection The P-R interval was with- 
in normal limits at all times In 2 calves tlie QRS interval increased 
to more than 0 16 second and m one calf it exceeded 0 20 second 
These QRS intervals are approximately twice as long as those dis- 
pla}ed b\ the electrocardiograms of normal mature cattle and the 
electrocardiograms of the control animals In a group of 97 animals, 
60 of w Inch w ere over 2 } ears of age, the average duration of QRS 
was 094 second and its maximum duration was 0 12 second (Alfred- 
son unpublished data) Barnes, Davis and McKay," w’ho studied 


TABLE I 

Heart Rate and Daration of QBS in Experimental Calves 
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08 

20 
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00 
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06 
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42 

12 
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44 
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77 

75 

00 

83 
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00 
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08 
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42 

08 
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84 

06 
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94 

00 
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05 
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304 
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06 
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07 
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06 
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12 
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08 

189 
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07 
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08 
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211 
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08 
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12 
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416 

03 

11 
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233 

63 
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429 
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03 

14 
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increased to 0 20% The serum potassium promptly increased to 
19 5 mg % and had reached a level of 22 4 mg % when the animal 
w'as slaughtered 

Calf C 409 From a level of 19 5 mg % on the 75th day ot tlie 
experimental period the serum potassium decreased to 10 7 mg % on 
the 140th day A low level w as maintained for about 90 daj s On 
the 175th day the potassium of the ration w'as increased to 0 20% and 
It was kept at this level for 130 daj's During this time the serum 
potassium values returned to normal and have remained so in spite 
of the reduction of the potassium in the ration to 0 10% at the end 
of the 130-day period 

Calf C 410 The changes in this calf closely paralleled those of 
C 409 The serum piotassiuni value of 17 6 mg % on the 70th daj 
decreased to 13 8 mg % on the 160th daj Low v'alues were main- 
tained for about 60 daj'S During the 130-day period in which tlie 
potassium of the ration was increased to 0 20%, the serum potassium 
rose to 21 0 mg % and has since remained at or near this lev el 

The serum potassium v alues of these 4 calves are show n graphically 
in Fig 1 

The serum potassium values for the 4 control calves averaged 
respectiv el}^ 21 4 ± 1 2 mg %, 204 ± 1 5 mg %, 20 5 ± 1 4 mg % 
and 21 6 ± 1 8 mg % 



I il* t rtttrt 

I r u tM rmiu t* jmUM 1 Ml 

Fig 1 

Serum potassium curves of the eipermiental calves 



Electrocardiogram changes typical of the experimental calves 1 Control 
tracing 2 Tracing at 400 days of age 3 Electrocardiogram at 492 days 
4 Electrocardiogram taken at 750 dava of age 

ascribed to bundle branch block. A prebminar}’’ e.\amination of 
tanous sections of the Purkinje system of right and left \entricles 
revealed pathological changes whidi are not restricted to any one 
particular region of the heart A later report vmU describe these 
changes in further detail 

Arrhythmias appeared at irregular mtert'als both during the ex- 
perimental period and during the preexperimental period. The) \\ ere 
perhaps more frequent during the former than during the latter but 
the difference rras not great enough to be of certain significance 

This nork is part of a project m which the Department of Dairj 
Husbandr> and Experiment Station Oiemistrj' is cooperating The 
assistance of the staff members of these two departments, Dr C F 
Huffman Mr C W Duncan, Dr L H Greathouse, and kliss L I 
Butler, IS gratefully acknowledged The criticisms and suggestions 
of Dr F N Wilson, Unnersity Hospital, Ann Arbor, Michigan, 
during the preparation of the manuscript are also gratefulh acknowl- 
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TABLE n 

Heart Bate and Duration of QRS m Control Calvcg 



0387 



C392 



C419 



C420 














Age Bate 

QBS 

Age Bate 
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88 

07 

314 

55 

07 
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08 
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08 

07 
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08 
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normal calves ranging from 12-589 days of age, reported QRS in- 
tervals similar in lengtli to those observed by Alfredson 

The changes m duration of the QRS complex and the heart rate 
are shown m Table I Table II gives similar data for the 4 control 
calves 

The increase in duration of QRS began in 2 of the cahes before 
the lowest levels of serum potassium were reached In the third calf 
the increase began to appear when the lowest blood values ^\ ere ob- 
served The intervals became progressively greater and did not sub- 
sequently decrease even though the serum potassium \ alues returned 
to approximatelj normal levels when the potassium content of the 
ration was raised 

The increase in the duration of the QRS complex uas accom- 
panied by equally striking changes in its contour and voltage These 
changes are illustrated in Fig 2, in which the electrocardiograms of 
calf C 394 are reproduced The changes which occurred in the other 
animals were similar in a general way but varied in detail It v ill be 
noted that the changes ^^ere progressive, and that the final record’’ 
resembles the human and canine curves which depict left bundle- 
branch block It has been shown, however,’ that section of the left 
branch of the His bundle m tlie calf produces relativeh minor changes 
in the QRS interval and curves here in question cannot therefore be 

Svkes, T F , Pkoc Soc Exp Biol and Med 19i0, 

43, 580 
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ments of this kind m mature cattle, e hai e used } oung cah es For 
comparison, a number of experiments hai e been performed on dogs 
Procedure In all instances sodium pentobarbital* ^^as admims- 
tered intra\ enoush until surgical anesthesia supenened The ani- 
mals i%ere held in the dorsal recumbent position The thorax was 
opened and held as w ideh open as possible throughout the experiment 
b\ means of hook spreaders In some of the earlier experiments the 
slit pericardium was stitched to tlie edges of the thorax, thus forming 
a cradle for the heart t This procedure interfered w ith the manipula- 
tions necessarj for efficient sectioning of branches of the His un e 
and was abandoned in faior of simpb replacing the heart in ^ ® 
pericardial sac w ithm the opened thorax Section of the ng t or e t 
bundle branch was carried out by the method described bj Lewis 
Electrocardiograms were obtained before and after section n 
instances the presence ot complete bundle branch block was proied 
bv the onset of complete A-V block follow mg a cut on t e oppiosi 
side of the septum later shown to ha\e transected the ’'emaming 
bundle branch In all cases the heart w as removed at ffie end ot the 
experiment, opened according to the method of Car we an . ram 
son* and examined to determine the location of the ^ts In a lew of 
the^er^ clear demarcation of the right and lett bundle branches in t 
ox heart, it is eas} to determine in this " f ^ 

branches ha\ e been completel} dir ided Bund e 
successfulK produced m 14 cahes and m 10 dogs Measurements o 
the QRS mterr al w ere made m lead II throughout as this is generalh 

the most satis factor} lead in cattle ’ noc 

Results and Discussion The changes in the duration of QRS 
after section of the right or left bundle branch are 

The arerage increase in duration of QRS on section of the c, 
bundle branch (8 calres) nas 0013 sec, "“S' 

after section of the left bundle branch (6 cares) wa. ORS 
Right bundle branch block in dogs increased the duration of Q S 
0 021 sec Left bundle branch block increased the duration of Q 
0029sec Thesearearerageralues The change in the duraUon of 
QRS in cahes as compared to the change produced m do^^ 

therefore relatirelr insignificant nm 

Tig 1 shows changes in the form of QRS tr-pical ot P * 

duced hr section of right an d left bundle bran ch^in cahe^a^ 

4 llafkosbnnp I? , nnd MncCilniont rV J Fhnrm an,! t-rp Thrr 
04 43 

t In the first S hoMHC suhjccts onH 2 of «hUh (E4 and B < ) "ir*- 

the data 

len-is, T Phd Tmnx Fnis 5 or , lOlfi, 207B -'4 -" 


iialuded in 
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Studies on Bovine Electrocardiogram II Bundle Branch Block * 


Bernard V Alfredson and Joseph F S'iKES (Introduced by 

F N Wilson ) 

From the Department of FhymoXogy and Pharmacology^ Zliclngan State College, 

Font Lansing 


Recent work by Cardwell and Abramson' and Abramson and j\Iar- 
golin- has shown that, in some species at least, the arborizations of 
the Purkinje network of the heart are not confined to the subendo- 
cardium as IS generall}'^ assumed By means of an injection technic 
they demonstrated that in the ox heart branches of the Purkinje net- 
work pierced tlie ventricular septum and penetrated the outer len- 
tricular w'alls nearlj, if not quite, to the epicardium The branches 
which pierced the septum made connections wuth the Purkinje net- 
work of the other side Histological studies disclosed Purkinje tissue 
m all muscle lajers of the \entricular septum and outer ventricular 
W'alls of the hearts of dogs, sheep and pigs, but in these animals the 
differentiation between the Purkinje tissue and the ordinarj muscle 
was less pronounced than in the ox heart For this reason and because 
the injection method failed in these animals the distribution of the 
Purkinje tissue could not be w’orked out as completely in them as in 
the ox Electrocardiographic observations by one of us“ suggest 
that contrary' to the conclusions of the authors quoted,' ' tliere may 
be major differences between the intraventricular conducting system 
of the ox heart and that of the canine heart 

In comparison y\ ith the canine and yvith the human heart, the ox 
heart is very much heavier and its yvalls very' much thicker It w ould 
be expected, therefore, that the QRS interval of the ox w ould be mucli 
longer than that of the dog or of man In a study of the normal elec- 
trocardiogram of dairy cattle it y\as found that this was by no means 
the case In a group of 97 cattle tlie mean duration of QRS was 
0 09 sec yyith a minimum of 0 06 sec and a maximum of 0 12 sec * 
These findings suggested that it yvould be yyorthwhile to determine 
the effect of section of tlie bundle branches of the ox heart upon the 
bovine electrocardiogram Since it is difficult to carry out experi- 

• Journal article No 423 (ns) from the yiichignn Agricultural E'cpenment 
Station 

1 Cardwell, J C and Abramson D ^ iii'it 1931 40 700 

2 Abramson, D I , and Margolin, S , J A7inl , 1930, 70, 250 

3 Alfredson, B V , unpublished data 
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Electrocardiograpluc cliaagea tvpical of those produced br section of the right 
and left bundle branches in calves and dogs Ko 1 and 3 arc control records Xo 
2 and 4 are records taken after section of the right or left bnndle branches 

dogs The canine left and right branch block curtes are similar in 
form to those described by Lew is” and are verj different from the 
control curves The right branch block cuiwes of the cahes how- 
ever, w'ere scarcelj distinguishable from the control curves in the 
majoritj of instances In some instances there w as a slight increase 
m die size of S and in the \ oltage of T m leads II and III 

In comparison wnth the controls the left branch block curves of the 
calves showed much greater changes in the form of the ventricular 
complex but the character and magnitude of these changes varied 
greatly m different experiments The form of the control curv es vv as 
quite constant t The deflections of Lead I vv ere extremely small In 
the other leads QRS consisted of an upright deflection f R) tollovved 
b) a downward deflection (S) The relativ^e size of R and S was 
variable but in most instances the latter was larger than the former 
The T-vvaves were usually upright but of small voltage A.fter sec- 
tion of the left bundle branch the voltage of the largest QRS 
deflection was greater than m the control In one instance QRS vvas 
represented bv a large dow nvv ard deflection m Lead I and a large 
upward deflection in Leads II and III In this instance T; and T, 
were large and inverted In 2 instances large R-waves and large 
inv'erted T-vvaves appeared in Leads I and II In another experiment 
the changes were similar to those just described but less pronounced, 
in another the R deflection became larger and the T-wave became 
inverted in Leads II and III but the deflection in Lead I remained 

t Tins nnifomiitv is not scon in clevtrofardiogmms of tbc normal bovine subject 
when taken in tlie standing position 1 
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Fermentafaon of Pyruvic Acid by Clostridium botuhnum * 

C E CUFTON 

From the Department of Bacteriology and Experimental Pathology, Stanford 
Vniversity, Cahfomia 

It has been reported^ that the fermentation of glucose by Types A 
and B Clostridium botuhnum differs from the majority of bacterial 
fermentations in that ethyl alcohol and carbon dioxide are the mam 
products of the fermentation, only small amoimts of acetic and lactic 
acids together with traces of hydrogen being formed. This study has 
been extended to include the fermentation of pyruvic acid, which 
may be an intermediate compound m the fermentation of glucose and 
also in the degradation of ammo acids such as alanine, by Cl botu- 
hnum ^ 

The experiments reported below were carried out with washed 
suspensions of Type A {E-43) Cl botuhnum although studies with 
Type B gave essentially the same results Glucose-broth (800 ml) 
containing 01% Difco yeast extract was inoculated with 1 0 ml of a 
beef-brain culture of the orgamsm and incubated for 20 hours at 
37°C m a McIntosh and Fildes anaerobic jar The culture was then 
centrifuged and the cells suspended in distilled water The suspension 
was diluted with an equal volume of M/7 5 phosphate buffer and 
placed in the central chamber of Warburg vessels A rapid stream 
of Oj-free H 2 was passed through the vessels for 10 minutes and 
they were then equilibrated 10 minutes before tipping m the sodium 
pyruvate from tlie side-arm CO; production i\as determined at 
37°C by the Warburg technic, the initial and final bound CO- being 
determined following the addition of 10% sulfuric acid to the con- 
tents of separate Warburg vessels In the semi-macro experiments, 
Warburg vessels of 40 ml capacity were employed with Qenci fluid 
in the manometers 

It was observed that pyruvic acid is rapidly decarboxylated by 
washed suspensions of Cl botuhnum, Qco- values of 25-30 being 
observ'ed under optimal conditions Tjqiical results over a pH range 
of 5 6 to 7 5 are reported in Fig 1 Following correction of the re- 
sults for CO; bound by the phosphate buffer it is apparent that the 
pH optimum lies near 6 0 Accordingly the majority of the fermen- 

* Aided in pirt br n grant from tlie Boekcfcllcr Fluid Bcsearcli Fund 

1 Clifton, C E , J Bad , 1940, in press 

- Clifton, C E , Proc Soc Esr Biou avd Med., 1939, 40, 33S 
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small In the remaining experiments the changes nere verj' slight 
Distinct notching of the larger ORS deflections did not occur in any 
experiment 

Compared to the electrocardiographic changes produced by right 
and by left bundle branch block in man and in the dog, those produced 
by cutting either of tlie bundle branches of the calf's heart are ex- 
tremely small and as regards the form of the electrocardiogram con- 
spicuously' variable This difference suggests that there is a decided 
difference in the distribution of the intraventricular conducting 
system between man and the dog, on the one hand, and the calf on the 
other The smallness of the QRS interval of the bovine electro- 
cardiogram points in the same direction It is difficult to under- 
stand how tlie cardiac impulse can spread so quickly' over the ven- 
tricular muscle of so large a heart if it spreads mtJi approximately 
the same speed and in the same manner as in the human and the 
canine heart The pronounced increase in the QRS inten'al produced 
by bundle branch block m man and m tlie dog has been attributed to 
the slow spread of the cardiac impulse through the ordmary muscle 
of the ventricular septum The absence of a similar increase in the 
QRS following section of the bundle branches of the calf's heart 
suggests tliat in this animal the Purkinje networks of the 2 ven- 
tricles are connected bi strands of specialized tissue which pierce the 
ventricular septum Penetration of the outer \entricular walls by 
Purkmje tissue would for similar reasons account for the smallness 
of the QRS interval of the bovine electrocardiogram m comparison 
with the size of the ox heart The differences between the branch 
block curves of the dog and those of the calf suggest that contrary to 
the conclusions of Abramson and his fellow workers the distribution 
of the Purkmje tissue is not similar in the tw'o species, and that this 
tissue does not penetrate the ventricular septum of the canine heart 
The same conclusion may be drawn with respect to the human heart 
and the hearts of other species in which bundle branch block induces 
electrocardiographic changes of comparable magnitude 

Snnniiary Changes m the duration and form of QRS after sec- 
tion of the branches of the His-bundle are much less pronounced m 
calves than m dogs The difference between these tw'o speaes is 
attributed to differences in the distribution of the intraventricular 
conducting system 

The authors wish to express their thanks for the assistance and 
advice of Dr F N Wilson, Uraversity Hospital, Ann Arbor, Michi- 
gan and Dr E T Hallman, Michigan State College, East Lansing 
The experimental annuals were generously donated by the Dairy 
Department of Michigan State College 
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Fermentation o£ Pyruvic Acid by Closirtdtum botuUnum * 

C E CUFTON 

^^From the Department of Bacteriology and Experimental Pathology, Stanford 
,ij University, California 

It has been reported^ that the fermentation of glucose by Types A 
and B Clostndutm botuhmim differs from the majority of bacterial 
fermentations in that ethyl alcohol and carbon dioxide are the mam 
products of the fermentation, only small amounts of acetic and lactic 
acids together with traces of hydrogen being formed This study has 
been extended to include the fermentation of pyruvic acid, which 
may be an intermediate compound m the fermentation of glucose and 
also m the degradabon of ammo acids such as alanine, by Cl boUt- 
hmm " 

The experiments reported below were carried out with washed 
suspensions of Type A (E-43) Cl botubnum although studies with 
Type B gave essentially the same results Glucose-broth (800 ml) 
containing 01% Difco yeast extract was inoculated with 1 0 ml of a 
beef-bram culture of the organism and mcubated for 20 hours at 
37°C m a McIntosh and Fildes anaerobic jar The culture was then 
centrifuged and the cells suspended m distilled water The suspension 
was diluted with an equal volume of M/7 5 phosphate buffer and 
placed m the central chamber of Warburg vessels A rapid stream 
of 0--free H; was passed through the vessels for 10 minutes and 
they were then equilibrated 10 minutes before tipping m the sodium 
pyruvate from the side-arm COj production was determined at 
37°C by the Warburg technic, the initial and final bound COi being 
determined following the addition of 10% sulfuric acid to tlie con- 
tents of separate Warburg vessels In the semi-macro experiments, 
Warburg vessels of 40 ml capacity were employed with Clerici fluid 
in the manometers 

It was observed that pyruvic acid is rapidly decarboxylated by 
washed suspensions of Cl botubnuvi, Qco- values of 25-30 being 
obsen'cd under optimal conditions Ty^iical results over a pH range 
of 5 6 to 7 5 are reported m Fig I Following correction of the re- 
sults for CO- bound by the phosphate buffer it is apparent that the 
pH optimum lies near 6 0 Accordingly die majority of the fermen- 


• Aided in part by n grant from tbc Bockcfcllcr Fluid Resenreb Fund 
1 Clifton, C E , J Bact , 1040, in press 

- Clifton, C E , Proc Soc Exp Biou Med^ 1030, 40 , 33S 
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tations were earned out at this pH although similar results were 
obtained at pH 7 0 The fermentation of glucose differs from that 
of pyruvic acid in that the rate is much less dependent on the pH over 
a range of 5 6 to 7 8 

In preliminary experiments ethyl alcohol and acetic acid were iden- 
tified as the mam non-gaseous products of the fermentation Alcohol 
was determined by oxidation with bichromate following distillation 
from alkaline solution and volatile acids by steam-distillation of the 
acidified residue Ethyl alcohol was identified by the iodoform test 
and by the fact that acetic acid appears to be the only and produced 
on oxidation with bichromate This acid and that produced m the 
fermentation was identified as acetic by Duclaux distihations of the 
combined steam-distillates from several large-scale experiments No 
gas other than CO. was produced and the COj liberated by control 
suspensions was negligible In general about 5% of the p)niivic 
acid was reduced to lactic acid during the course of the fermentation 



ITo L 

S S 


Pyruvate Fermextation by Cl botuhiium 


587 


TABLE L 


Pyruvate 

fermented 

mg 

44 

aiols/ 

mol pyruvate 

mg 

44 

Mola/ 

mol pyruvate 

Products 

CO 2 

19 4 

88 

19 8 

,90 

CHjCHoOH 

123 

53 

13 0 

56 

CH 3 C 06 H 

13,2 

44 

13R 

46 

Total 

44,9 


466 



The results of typical duplicate semi-macro experiments at pH 6 0 
are presented m Table I 

Similar results were obtamed when the fermentation was earned 
out in an atmosphere of Oj-free N; 

The results suggest that pjTuvtc acid is decarboxjdated and the 
acetaldehyde produced dismuted with the production of equimolar 
quantities of ethyl alcohol and acetic acid The abo\ e results are m 
fair agreement w ith this hj-pothesis since no correction was made for 
the small amounts produced by the organisms alone, the quantities 
being too small for accurate determination In general the amounts 
of COj recovered were somewhat less than the theoretical while the 
ethyl alcohol tended to run somew hat high. This tendency w as also 
observed in macro experiments in which CO- production was deter- 
nuned by absorption of the liberated gas in standard Ba(OH)s solu- 
tion Possibly a small amount of COj is utilized durmg the fermen- 
tation It appears, therefore, that the fermentation of pyruvic acid 
may be represented as 

2 OH3COCOOH -t- HoO = 2 CO. -t- CHjCH.OH -f CH3COOH 

If the fermentation of glucose proceeds by way of pyTUvic acid, 
dismutation of acetaldehyde may account for the small amount of 
acetic acid produced, the bulk of the acetaldehyde being reduced to 
alcohol by a H-donor other than another molecule of acetaldehy de 
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Utilization of Senne by Clostrtdttim bottdtnum * 

C E Clifton 

From the Department of Dacteriotogy and Fxpenmental Pathology, Stanford 

University, Cahforma. 

A number of ammo acids are utilized by washed suspensions of 
Closlrtdtum botultnuvi, for the most part in coupled reactions between 
pairs of different amino acids ' For example, alanine is deamina- 
tively oxidized to CO; and acetic acid by glycine or prohne \\hich are 
reduced to acetic acid or 8amino-n-\aleric acid, respectively How- 
ever, amino acids such as leucine and particularly serme appeared 
to be deaminated when present singly in washed suspensions of this 
organism The utilization of serine has been studied m detail by the 
technic already described, “ ammonia being determined by the method 
of Pamas as described by Niederl and Niederl ‘ 

Serme is decarboxylated in the presence of washed suspensions of 
Types A or B Cf botulmum at a rate (Qcoi of 7-10) approximately 
one-third of that observed with pyruvic acid (Qcoi of 25-30) as the 
substrate at optimal pH values for both reactions Typical results of 
COj production are presented m Fig 1 

It IS apparent that the pH optimum for the utilization of serine by 
Cl botulmum lies on the alkaline side of neutrality, probably near pH 
7 5 This IS in marked contrast with the pH optimum of 6 0 observed 
with pyruvic acid as the substrate In further studies it was ob- 
served that apparently only one optical form of serine is attacked at 
an appreciable rate, deamination and decarboxylation of df-serine 
proceeding onlj approximately 50% to completion 

In semi-macro experiments in Warburg vessels of 40 ml capacity 
with Clerici fluid in the manometers the fermentation was studied 
in more detail Ammonia, CO-, ethyl alcohol and acetic acid were 
identified as the chief products of degradation of serme In these 
experiments the reaction was not allowed to go to completion due to 
the slow rate observed by the time approximately one-half of the 
serine had been utilized Typical results on the utilization of serme 

* Aided in part by a grant from the Bockefeller Fluid Research Fund. 

1 Clifton, C B , Pboc Soa Exp Biol and Med , 1939, 40, 338 

2 Clifton’ G E , J" Bad , 1940, m press 

8 Clifton, 0 B , Pboo. Soa Exp Biol, and Med , 1940, 48, 685 

< Niederl J B, and Niederl, V, Micromethods of Quantitative Organic Ele 
mentary Analysis, 1938, 51 59, John Wiley and Sons, Nerr York. 
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Fio 1 

Influence of pH on COo production, corrected for bound COo, by Cl botulinum 
from 0 2 ml M/10 dl senne m 90 minutes at BI'C 

by washed suspensions of Type A Cl botulinum m M/15 phosphate 
buffer of pH 7 2 are recorded in Table I, the fermentation being 
carried out in an atmosphere of Oj-free Hj Similar results were 
obtained in an atmosphere of Os-free N. and with washed suspensions 
of Type B Cl botulinum The quantity of senne fermented is based 
on the NH, liberated during the course of the experiment 

The results suggest that senne is deammated and rearranges to 
form pyruvic acid which is then fermented, or, that serine is de- 


TABLE L 



mg 

Mols/mol senno 

mg 

Mols/mol senne 

Initial senne 

52 5 


52 5 


Fmnl Bcrme 

28 0 


32 5 


Senno utilued 

215 


20 0 


Products 





NHa 

3 98 

LOO 

3225 

100 

COo 

8 98 

0 87 

717 

0 86 

CH3CH0OH 

015 

0 55 

5 06 

0 57 

CH3CO6H 

7 20 

0 51 

6 00 

0 53 

Total 

26 31 


21 48 




Utilization of Senne by Clostridium botuhnum * 

C E Clifton 

From the Department of BactenoXogy and Experimental Pathology, Stanford 

University, California. 


A number of ammo acids are utilized by washed suspensions of 
Clostridium botuhnum, for the most part in coupled reactions between 
pairs of different ammo acids ^ For example, alanine is deamina- 
tively oxidized to CO; and acetic acid by glycine or prohne which are 
reduced to acetic acid or Samino-n-valenc acid, respectively How- 
ever, amino acids such as leucine and particularly senne appeared 
to be deaminated when present singly m washed suspensions of this 
organism The utilization of serme has been studied in detail by the 
technic already described.^ ammonia being determined by the method 
of Pamas as described by Niederl and Niederl * 

Serine is decarboxylated in the presence of washed suspensions of 
Types A or B C/ botuhnum at a rate (Qco; of 7-10) approximately 
one-third of that observed with pyruvic acid (Qco; of 25-30) as the 
substrate at optimal pH values for both reactions Typical results of 
CO- production are presented m Fig 1 

It IS apparent tliat tlie pH optimum for the utilization of serine by 
Cl botuhnum lies on the alkaline side of neutrality, probably near pH 
7 5 This is in marked contrast w ith the pH optimum of 6 0 observed 
with pyruvic acid as the substrate In further studies it was ob- 
sen'ed that apparently only one optical form of senne is attacked at 
an appreciable rate, deamination and decarboxylation of d/-serine 
preceding only approximately 50% to completion 

In semi-macro experiments in Warburg vessels of 40 ml capacity 
with Oenci fluid in the manometers the fermentation was studied 
in more detail Ammonia, CO-, ethyl alcohol and acetic acid were 
identified as the cliief products of degradation of serme In these 
experiments the reaction was not allowed to go to completion due to 
the slow rate observed by the time approximately one-half of the 
serme had been utilized Typical results on the utilization of serme 

* Aided m part tij a grant from the BockefeUer Fluid Bescarch Fund. 

1 Clifton C E , Pboc Soa Exp Biol and Mzd , 1939, 40, 388 

2 Ohfton’, C B , J- Bact , 1940, m press 

s Clifton, 0 E , Fsoa Soa ESP Biol, auv Med , 1940, 4S, 686 
4 Niederl J B , and Niederl, V , Micromethods of Quantitative Organic Ele 
mentary Analysis, 1938, 51 59, John Wiley and Sons, Nen York 
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by washed suspensions of Type A Cl botuhnum m M/15 phosphate 
buffer of pH 7 2 are recorded in Table I, the fermentation being 
carried out in an atmosphere of O.-free Hi Similar results were 
obtained in an atmosphere of Oi-free Nj and with washed suspensions 
of Type B Cl botuhnum The quantity of serine fermented is based 
on the NHs liberated during the course of the experiment 

The results suggest that serine is deammated and rearranges to 
form pyruvic acid which is then fermented, or, that serine is de- 

TABLE L 



mg 

Mols/mol serine 

mg 

Mols/mol serine 

Initial Berino 

02 6 


62 6 


Emal serine 

28 0 


32 5 


Serine ntiUied 

24 5 


20 0 


Products 





NH, 

3 98 

100 

3 25 

100 

COo 

8 98 

0 87 

7 17 

0 86 

CH'aOHoOH 

C 15 

0 55 

6 05 

0^7 

OH 3 CO 6 H 

7 20 

0 51 

GOO 

0 53 
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carboxylated and deammated at the same time to yield acetaldehyde 
which IS dismuted to form equimolar quantities of ethyl alcohol and 
acetic acid If the reaction proceeds by way of pyruvic acid, deamina- 
tion appears to be the controlling factor of the rate of utilization of 
serine as evidenced by the marked shift in pH optimum from 6 0 
for pj ruvic acid to the neighborhood of 7 5 for serine These results, 
considering the experimental errors involved, suggest that the degra- 
dation of serine by washed suspensions of Cl botulumm may be 
represented as 

2 CHoOH CHNHoCOOH + HoO = 2 NH3 -f- 2 COo -H CH3CH0OH + CH3COOH 
The closely related ammo acid, alanine, is not attacked directly by 
Cl botuliunm but only when a suitable H-acceptor is also present 
Therefore, substitution of an hydroxyl group for a H-atom on the 
/9-carbon of alanine produces a compound that may be employed 
singly as a source of energy by Cl botuhnnm These above results 
show that Cl botuhtium may obtain a portion of its energy require- 
ments by direct utilization of amino acids sucli as serine as well as 
through coupled reactions betiveen pairs of different amino acids 
(Stickland reaction) as previously described 
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Nasopharyngeal Cultures in Pertussis * 


William L Bradford and Betty Slavin 

From the Departments of Pcdiatmcs and Bacteriology, Rochester School of 
Medicine and Dentistry, Strong Memorial Hospital, and Rochester Municipal 

Hospital 


The generally accepted method for tlie bacteriological diagnosis 
of pertussis is the cough-plate culture, originally described by Chievitz 
and Meyer,^ or some modification of their procedure The percentage 
of positive cultures obtained by this technic vanes considerably in 
the hands of different workers and under various conditions * 

We have found the cough-plate method satisfactory for older 
children, but in infants we have obtained positive cultures in only 

* Supported by a grant from the Committee on Therapeutic Research of the 
American Medical Association and tho Fluid Research Fund of the University of 
Rochester School of Medicine and Dentistry 

1 Chieviti, J , and Meyer, A , Ann de I’lnst Pasteur, 1916, 30, 603 

2 Sauer, £ W , J Fed , 1934, 6, 246 
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about 25%, even when the cultures were made durmg the catarrhal 
period of the disease This low inadence seems to be due to the 
fact that the young infant does not cough as vigorously as does the 
older child, thereby resulting m an inadequate inoculation of the 
medium 

During the course of a comparative study of rarious technics for 
making cultures, -w e w ere impressed by the favorable results obtained 
from cultunng the nasopharynx. Recent reports’ * ° have described 
the advantages of the nasopharjuigeal culture m the bacteriological 
diagnosis of pneumonia This present report describes the results 
obtained by making simultaneous nasopharyngeal, throat and cough- 
plate cultures in a series of 25 consecutive cases of pertussis observed 
in the pediatric clinic during the past 4 months The procedure 
follows 

The medium was prepared as previously described' and poured into 
ordinary Petri dishes Medium more than 3 daj s old u as discarded 
The cough-plate cultures ere made by exposing the medium dunng 
a paroxysm at a point about 6 inches in front of the patient’s mouth 
The nasopharyngeal cultures were taken by passing a sterile swab, 
consisting of a small bit of cotton tighth wrapped about the end of a 
thin, flexible copper wire, through the nose until it touched the 
posterior wall of the pharynx Throat cultures were taken by 
means of a similar sw'ab 

The results obtained in tlie present comparative study are showm in 
Table I 

Cultures were made on 25 cases, 17 of which were but 2 y^ears of 
age or less In this group, it is apparent that the results obtamed by 
nasopharyngeal culture w ere distinctly supenor to those by the throat 
culture or by the cough-plate method. In the 25 primary cultures, 
17 were positive Of this group, the nasal culture was positive m 14 
mstances, as compared to 8 positive cough-plates and to 4 positive 
throat cultures Of the entire group of 40 cultures, there were 22 
positive nasal, 10 positive cough-plates and 5 positive throat cultures 
In only 3 cases were the cough-plate cultures positive when negative 
nasopharyngeal cultures were obtained These patients were 4, 6, 
and 7 y ears of age, respectively', and w ere presumably able to cough 
vugorously 

3 Hodea, H L., Stifier, W C., Jr , Wnlkcr, E., McCartr, M , and Shirlev, R. G , 
J Fed , 1939, 14, 417 

* Poole, F B , and Fonsck, M D , J J Jf ^ , 1939, 11% 1S54 

= Anger, W J., / Fed , ISa**, 16, 640 

® Bradford, W L., and Slann, B , / Clin Inrfjtionlion, 1137, 1C, 625 
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In addition to the higher percentage of positiAe nasopharyngeal 
cultures obtained, the difference m the number of colomes is hich de- 
A eloped on the plates AA-as strikmg In repeated instances, there Avere 
onl} a fcAA colonies of Hemophilus pertussis on a cough-plate or 
throat-plate culture, Avhile the nasal culture revealed numerous colo- 
mes Sometimes the growTh aa as practicall} pure The nasal culture 
often shoTA ed but a minimal groiAlh of secondaiy mA-admg orgamsms, 
A\hile a heaAy groiAdh, on the other hand, usually occurred on the 
media moculated from the throat. We belieA e that this difference in 
the occurrence of secondaiy mA'admg orgamsms largely explains the 
difference m the percentage of positiAe cultures of Hemophilus per- 
tussis isolated from the tA\ o sources It maA be, hoAA ever, that the 
pertussis bacillus occurs in greater numbers m the nasopharynx 
during the disease and remains there for a longer period of time 
during conA-alescence Further studi' u ill be necessar) to decide this 
pomt. 

A comparatiA e stud} of the cough-plate, throat and nasophaiyngeal 
cultures m pertussis indicates that the nasophaiyngeal method is 
definitel} the best, particular!} for use m infants 
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Anticatalase ActiAnty of Sulfanilamide and Related Ckimpounds 
V. Bacteriostatic ActiAuty of some Sulfonhydroxamides 

Edxa R. Maix, Lav ravce E Shinx axd Ralph R. Mellov 

From ffte Wes*em Pennxylrran c Horptlal Institute of Pathology, Pittsburgh, Pa 


This IS a report of a stud} in A\hich the abilit} of sulfanilamide to 
produce catalase inhibition is compared with that exhibited b} acyl 
aminobenzenesulfonhAdroxamides Since the latter compounds con- 
tam a h} drox} lamino group, thei are analogous m structure to the 
intermeAate assumed to be responsible for the anti-catalase actiAut} 
of sulfanilamide in bacterial cultures ’ ® ’ Possibl} because of the 
presence of this group, the suIfonh}droxamides are capable of exert- 
ing a more rapid and more intense bacteriostatic effect than sulfanila- 
mide. 

1 Lorkp, A., Ham, E B., and Jlellon, E. B., “ici'nr^, 1'13S, 88, C-0 

- Mam, E. B., ‘Timn, L. E., and Mellon F B., Pniy Sic. EiP Biot- A D Mnj., 
1S3S, TO, 272 

- ^Smn, L. E., Mam, E B., and Me’lon, B. B., Pecs' Sx* Exp Biot- axd Mtd , 
153®, TO, I5I 
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Bacteriostatic Action Fig 1 compares the speed and intensity of 
the bacteriostatic action of sulfanilamide and caproylaminobeiurene- 
sulfonhydroxamide, the latter being chosen as typically representative 
of the group Cultures, made by inoculating 10 cc quantities of veal 
infusion broth, contained in 50 cc Erlenmeyer flasks, with 0 0001 cc 
of a highly virulent, 18-hr broth culture of Type I pneumococcus, 
were mcubated at 39 5°C After 1 5 hrs, plate counts were made and 
the compounds added as freshly prepared solutions in 60% alcohol, 
the concentrations of which were so adjusted that an addition of 0 1 
cc would give the desired final concentrations The same volume of 
60% alcohol was added to control cultures Incubation was con- 
tinued and samples were withdrawn for plate counts 0 75, 1 75, and 
3 5 hrs after addition of the drugs 

The rate of generation was estimated from the counts by the for- 
mula 

count at the end of the observed interval 

— — 2 “ 

count at the beginning of the interval 

The degree of retardation in rate of multiplication was obtained as 
the difference between the rate of generation in the control culture 
and m the culture containing the added drugs 
Example 

Count L75 hrs after addition of compound =: 1220 
Count 3 6 hrs later = 6100 

=: 5 0 and therefore represents a 6 0 fold increase in population. 

From the equation, 6 0 = 2n, n = 2 3 (total number of generations 
produced) 

Number of generations produced per hr = 2.3/1 76 = 1,3 

Since the number of generations per hr in control cultures for the 
corresponding time interval was 1.8, the difference, 0 5, represents 
the inhibition m rate of multipllcntion 

The results show a distinct difference in rate and intensity of bac- 
teriostatic action of the two compounds In the cultures containing 
sulfanilamide (shaded columns. Fig 1), a slight stimulation in rate 
of multiplication tvas observed at the end of the first mterval This 
was followed by inhibition which continued to increase durmg the 
remainder of the observation period Inhibition by the sulfonhy- 
droxamide (solid columns) was detectable by the end of the first 
mterval and rapidly increased m magnitude, presumably as a result 
of increasing peroxide accumulation Bv the end of the second period 
of observation, the inhibition was 2 5 times greater than that of 
sulfanilamide although the concentration ivas less than one-third as 
great 

Peroxide Accumulation and Growth Inhibition Table I indicates 
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the comparative capacities of sulfanilamide and the sulfonhydrox- 
amides for producing peroxide accumulation and growth inhibition 
The ratios of peroxide concentration to amount of growth were 
determined under the experimental conditions previously described * 
Alcoholic solutions of the drugs were used as in the experiments 
described above, but were added before inoculation The inoculum, 
0 1 cc of an 18-hr culture, was larger than that used m the above 
experiments in order that growth would be sufficiently large to be 
measured turbidimetncally from the fourth to the seventh hour of 
growth Only the ratios found at the seventh hour are reported in 
the table Under the conditions of the experiment, peroxide was 
usually detectable by the peroxidase test* by the third hour 

In cultures containing 0 00014 to 0 00020 M caproylaminobenzene- 
sulfonhydroxamide, the peroxide concentration per unit of growth 
was from 2 to 4 times greater than m control cultures With a 
0 00052 M concentration there was no visible growth during the 7 
hours In cultures containing 000052 M sulfanilamide, peroxide 
concentration per unit of gro\vth was, on the average, 4 times greater 
than that of the control In the presence of 0 00052 M acetamido- 
benzenesulfonhydroxamide the ratio was from 2 to 3 times greater 
and therefore this compound was only slightly less effective than 
sulfanilamide in the same concentration Toluene- and benzene- 
sulfonhydroxamides were approximately equal in effect to the 
acetamido compound 

Anti-Catalasc Activity The hydroxamides listed in Table I 
showed anti-catalase activity equal to or greater than that of ir- 
radiated sulfanilamide The activity was not, however, constant 
Upon standing in solution the sulfonhydroxamides undergo a change, 
shown by the development of a yellow color and an altered reaction 
with o-tolidme. 

1 Mam, E B , Shinn, L, E^ and Mellon, E H , Peoc Soc Etp Bioi^ ait) Med , 
1939, 42, 115 

* A slight modiEcation of the method previonslv described (Mam and Shinn, 
J Biol Chem , 1939, 128, 417) was used An aqueous extract of dried horse- 
radish was used m place of the potato extract as the source of peroxidase, as sng 
gested bj- Fnller and Maxted (Bnt J Path , IS’S, 20, 177) Determinations 
can be made over the range, 2 to 20 ^ per cc, wliile with potato extract, the range 
13 0 to 3 O 7 

It was necc^-arj" to use an additional blanh m the determination of peroxide in 
the presence of snlfonhydroxamidcs, since, after standing at a pll of 7 0 or above 
for one half hour or more, solutions of the sulfonliydroiamides give a yellow to 
orange color upon addition of the o-tolidine reagent To make color comparisons 
with the peroxide stanrlards, a blank consisting of sterile broth which contains the 
same concentration of compound as the culture is placed back of the standard tube 
m the comparator 
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TABLE I 

Effect of Snlfonhydroiamides on Growth and Peroxide Accninnlation in Broth 
Cultures of Type I Pneumococcus 

Ten cc quantrtres of veal infusion broth containing 0 2% glucose and the com 
pounds in the concentrations given below were inoculated with 0 1 cc of an 18 hr 
broth culture of Type I pneumococcus Samples were removed at intervals for 
determination of growth and peroxide content. The ratios, A and B, were calcu 
lated from determinations made af ter 7 hr growth. 

H 2 O 2 concentration per 
unit of growth! m 

'~A B ' 


Compound added 

Mlllimols 

perl} 

Control 

cultures 

Cultures 
contg compds 

Bntio, 
B A 

4-n-CaproyIaminobenrenesnlfon 

0 52 

03 


— 

hydroinnude* 

20 

3 

11 

37 


20 

4 

8 

20 


17 

4 

8 

20 


14 

2 

5 

25 


14 

4 

7 

18 

4-Acetamrdoheniencsnlfon 

52 

£ 

6 

30 

hydroxomide 

62 

£ 

4 

20 


62 

3 

10 

33 

p Toluenesulfonhvdroxanude 

52 

2 

5 

25 


52 

£ 

£ 

25 


62 

3 

4 

13 

Benieuesulfonhydroxamide 

62 

£ 

6 

30 


£2 

3 

r 

23 


£0 

3 

7 

2 £ 


17 

4 

6 

IS 

Sulfamiamide 

52 

3 

Idle 

4.0 


' The sulfonhydroxamides were furnished to us through the courtesy of Sharp 
and Dohme, Inc. 

t Stock solutions of the compounds in 60% alcohol were prepared in such con 
centrations that 0 1 cc contained the amount needed to give the final concentration. 
The control cultures contained 0 1 cc alcohol. 

t Growth was estimated by compansons with BaSO^ standards which had been 
calibrated against a culture arbitrarily selected to represent 100% growth The 
growth units are therefore percentages relative to the standard culture H 2 O 2 
concentration is expressed in micrograms per cc 

{ There vras no visible growth in cultures containing this concentration. 

II This figure represents the average of all determlnationa made with sulfanil 
amide-contaming cultures, which were included regularly as controls 

Dtscttsston Sulfonamide derivatives studied heretofore have con- 
tained a para ammo group which is convertible into a hydroxylammo 
group, giving the compound anti-catalase properties In bacterial 
cultures, these compounds check the action of catalase and thereby 
cause increased accumulation of peroxide The amount of active 
mtermediate present may be very small, its effect dependmg on its 
contmuous release m the vicmity of the cell A compound which con- 
tains a preformed hydroxylammo group should act more rapidly 
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2 3 4 S 

TIME IN HOURS 


Fiq 1 

Comparison of the rates of development of bactenostasiB in the presence of 
snlfnnUnmide and d-n-eaproylaimnobcnicncsnlfonhydroxnmide 

js the nomber of generations produced per hour in the control cultures and 
the number produced in the cultures containing compound added The add! 
tions were made at the time indicated bv the arrow Each column repreaents the 
average of results from 10 experiments 

and because of the presence of active substance m high concentration, 
should have a more intense effect The experiments repiorted here 
indicate that tins is the case with the acyl aminobenzenesulfonhydrox- 
amides, compounds of the structure, RNH-CsH^-SO.NHOH, where 
R IS the caproyl, valerjl, heptanoyl or acetyl group When compared 
mole for mole, capro}Iammobcnzenesulfonh\droxamide is a mucli 
stronger bacteriostatic agent than sulfanilamide Bacteriostatic activ- 
it} is demonstrable almost immediately and increases rapidly while 
peroxide is accumulating Since the toluene and benzenesulfonhydrox- 
amidcs compounds whidi contain no para ammo group, caused 
marked stasis and peroxide accumulation, the activity of the acyl com- 
pounds m vilro IS apparently not due to a dcacjlated ammo group 
The results given here apply only to stasis in broth cultures The 
concentration of the hjdroxamidc required to produce the same 
amount of stasis in blood culture is apprcciablj greater Results of ti: 
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TABLE I 

Effect of Sulfonhydroiamides on Growth and Perondo Accumnlation in Broth 
Cultures of Type I Pneumococcus 

Ten CO quantities of veal infusion broth containing 0 2% glucose and the com 
pounds in the concentrations given below wore inoculated with 0 1 cc of an 18 hr 
broth culture of Type I pneumococcus Samples were removed at intervals for 
determination of growth and peroxide content. The ratios, A and B, were calcu 
lated from determinations made after 7 far growth 

HjOo concentration per 
nnit of growth! in 

f \ 

A B 


Compound added 

Miilimols 
per it 

Control 

cultures 

Cultures 
contg compds 

Ratio, 
B A 

4. n-Cnproylaminobenzenesulf on 

0 52 

03 

—4 

— 

hydroiamide* 

20 

3 

11 

37 


20 

4 

8 

20 


17 

4 

8 

20 


14 

2 

5 

25 


14 

4 

7 

18 

4-Acetamidobenrenesulfon 

62 

2 

6 

30 

hydroxamide 

52 

2 

4 

20 


52 

3 

10 

3J 

p-Toluenesuifonhydroxauude 

62 

o 

5 

25 


52 

i 

£ 

2 5 


52 

3 

4 

13 

Benienesulfonhydroiaimde 

52 

JS. 

6 

30 


52 

3 

7 

23 


.20 

.3 

7 

2.8 


17 

4 

6 

L3 

Bulfanilaimde 

62 

3 

1.211 

4.0 


* The sulfonhydroxamides were furnished to us through the courtesy of Sharp 
and Dohme, Inc 

t Stock solutions of the compounds in 60% alcohol were prepared in such con 
centrations that 0 1 cc contained the amount needed to give the final concentration. 
The control cultures contamed 0 1 cc alcohol, 

t Growth was estimated by comparisons with BaSO^ standards which had been 
calibrated against a culture arbitrarily selected to represent 100% growth The 
growth units are therefore percentages relative to the standard culture HoOs 
concentration is expressed in micrograms per cc 

J There was no visible growth in cultures containing this concentration. 

U This figure represents the average of all determinations made with sulfanil 
amideniontaining cultures, which were included regularly as controls 

Dtscusston Sulfonamide derivatives studied heretofore have con- 
tamed a para ammo group which is convertible into a hydroxylammo 
group, giving the compoimd anti-catalase properties In bacterial 
cultures, these compounds check the action of catalase and thereby 
cause increased accumulation of peroxide The amount of active 
intermediate present may be very small, its effect depending on its 
contmuous release m the vicmity of the cell A compound which con- 
tains a preformed hydroxylammo group should act more rapidly 
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VIVO experimentation® mdicate that when given daily in doses of 1 mg 
per g for 6 days, the acyl aminobenzenesulfonhydroxamides and sul- 
fanilamide possess approximately the same therapeutic activity 
against pneumococcus infection m mice 

Snmviary The acyl aminobenzenesulfonhydroxamides have 
strong anti-catalase activity and, when present in broth cultures of the 
pneumococcus, cause inhibition of growth associated with increased 
accumulation of hydrogen peroxide. When the caproyl compound 
is added to growing cultures, inhibition of gro\vth is detectable al- 
most immediately but reaches a maximum only after time for accu- 
mulation of peroxide has elapsed Inhibition by sulfanilamide, on 
the other hand, is detectable somewhat later and approaches a maxi- 
mum more slowly 
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Gonadotropic Potency of Gonadectomized Rats' Pituitary after 
Trypbo Digestion 

R C Ll 

From the Department of Pharmacology, Peiping Union Medical College 

The evaluation of the amount of the follicle-stimulating and 
luteimzmg hormones of the pituitary of normal as well as gonadec- 
tomized animals has interested a number of mvestigators The 
recent reports of McShan and Meyer® and Chen and van Dyke^ on 
tryptic digestion of pituitary extract appear to afford a convenient 
means of estimatmg the relative amounts of these fractions, as the 
luteinizing activity is largely destroyed by trypsin to which the 
folhcle-stimulating activity is resistant In the following experiments 
the gonadotropic activity of castrate rats’ pituitary following tryptic 
digestion was compared with that of the castrates’ pituitary not 
subjected to such treatment 

The donors of the pituitary consisted of 24 male and 38 female 
albino rats which were gonadectomized at the age of 1-3 months 
Three to 6 months (usually 3 months) after gonadectomy, the 
animals were sacrificed The anterior pituitary was obtamed, 
weighed, and ground up fresh in an appropriate quantity of 002%' 
s Cooper, F B , Grose, P , and Lewis, M., Psoo. Boa Exp Broik xnd Med , 1940, 

'l McShan, W H , and Meyer, E, K , Biol Ghem , 1938, 1S6, 361 
2 Chen, G , and ran Dyke, H B , Pboo Soc Exp Bioa. and Med , 1939, 40, 17S 
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Effect of Meat Extract on Fatty Infiltration of Liver m Depan- 
creatized and Duct-Ligated Dogs 

El-Mne P Ralli and Saul H Rubin 

From the Laboratoriei of the Department of Medicine, New Tort Vniveraity 
College of Medicine 

Smce Fisher^ and Allan, et al first reported fatty infiltration of 
the livers m depancreatized dogs maintained on insulin, the observa- 
tion has been confirmed repeatedly * Recently, it has been shown in 

1 Fisher, N F , Am J Fhysiol , 1924, 07, C34. 

2 Allan, F N , Bome, D J , MacLeod, J J R , and Robinson, W 1,., Bri( J 
Exp Path , 1924, 5, 75 

3 Best, C H, and Ridout, J H , in Lnch, J M^ Ann Ecv Etochem , 1939, 
8, 349 
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Fatty Livers Due to Meat Extract 


this^ and other' ” laboratories that ligation of the external pancreatic 
ducts results in similar fatty changes in the liver In all of these 
studies the diet fed to the dogs consisted largely of raw whole meat 
and glucose 

In the experiments reported here a dried meat powder prepara- 
tion,* from which the extractives had been removed, ivas substituted 
for the whole meat The diet contained meat powder, cracker meal, 
milk pOAvder, salts, breiver’s yeast, bone ash, cod liver and com oil 
As shown in Table I, little or no fatty infiltration of the liver occurred 
m 6 depancreatized and in 3 duct-hgated dogs which were fed the 
diet for periods varying from 6 5 to 19 weeks after operation. The 
fatty acid content of the whole livers, determined as previously de- 
scribed,^ averaged 6 2% with a range of 3 12 to 10 5 % (Table I) 
When the meat powder diet was supplemented witli 15 ml of a con- 
centrated meat extract* (the combination of meat powder plus ex- 
tract being equivalent to about 250 g of raw lean beef) the livers of 


table I 

Liver LiDidB of Depancreatized and Duct Ligated Doga Fed ileat Powder or Jleat 
Powder Plua Meat Extract 


Dog 

No 


Moat Time 

snpplementt after 

Condibon / opor 

of Powder, Extr , anon, 

animal* g/dny ml/dnr 


Liver 


Body wt 

/■ ' ' ' 

Imtial, Final, 

Ifg kg 


Total 
Fatty choles 
acids, terol, 
% 9c 


Wt, 


180 

176 

192 
196 
170 
198 
147 

193 
189 


D 

D 

D 

D 

D 

D 

L 

L 

L 


85 

35 
85 
50 
50 
75 

36 
35 
60 


60 


66 

12 

12 

11 

13 
19 

14 
13 6 
12 


16 

76 15 

60 16 


10 3 
80 
16 8 
13 0 
13 3 
10 3 
13 0 
118 
118 

98 

98 

9.3 


80 
64 
10 0 
12 3 
12 8 
11.3 
74 
10 0 
98 

6.8 

70 

68 


368 

232 

470 

416 

403 

212 

273 

267 

377 

456 

294 


31 
10 4 

90 

34 

32 
4.4 

10 6 
37 
8.2 

19.5 

18.3 

19.8 


27 

33 

.23 

22 

23 

24 
36 
29 
32 

.25 

.29 

23 


216 D 

214 D 

203 - - 

»D = O Bsiri whole meat. 

t60 g meat powder -P 15 ml eitraoc ^ 

j, p Entin s H., and Present, C H., Am J Physiol , 1938, 122, iZ 

^ F 0 Jr and Glenn, F, Arch Surg , 1939, 39, 630 

L, Entemiuiii, C, and Claukaff, I L, J Biol CUm , 193B, 

r Trrrxfr 

Valentine Meat ce 4 6% proteose and peptone after it has been 

r.r™U“ Pi.o«o.B, 1. .< .3. 
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one duct-ligated and 2 depancreatized dogs contained 18 3 to 19 S^d 
fatty acids after 5 to 9 weeks (Table I) It is therefore concluded 
that the fatty liver of these dogs is due m large measure to some sub- 
stance or substances present in the extractive fraction of meat 
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Analysis of the Bile of the Capuchin Monkey 
Frances F Beck (Introduced by John C Krantz, Jr ) 

From the Department of Pharmacology, School of iledictne, Vnxversity of 

Maryland 

Studies m this laboratory m recent years have been concerned 
with the hydrogen-ion concentration of the bile of the guinea pig^ 
and dogf with respect to the dissolution of human gall stones Hav- 
ing available a series of Capuchm monkeys f Cebus fatuellus) upon 
which metabolism studies had been conducted, it was deemed of 
interest to study the bile of this species of monkey The animals 
were narcotized with sodium amytal , the bile was drawn from the 
gall bladder without exposure to air The hydrogen-ion concen- 
tration was determined by means of a glass dectrode at 25° and 
an analysis of the prmcipal constituents was carried out accordmg 
to the Douglas-Sauermann' method. The results on 10 ammals are 
shoivn in Table I 

The average pH of the bile and the percentage of various con- 
stituents present in the Capuchm monkey are sumlar to these data 
on the gall-bladder bile of dogs= Also as with the bile of the dog 
It was observed that the correlation behveen a high pH and high 
total solids content is great 

TAB1.E L 

Conatitiients of Montcy Gall Bladder Bile 



pH 

Total 

Bolids, 

% 

Macin, 

% 

Asli, 

% 

Alkalinity of 
ash as % 
NaoCOs 
labile 

Lipoids, 

% 

Bile acids as 
cholic and 
desoiychobc, 
% 

Aver 

63 


0 81 

105 


7 95 

C 05 

liorv 

56 


0 46 

104 


3 81 

4. 

High 

69 

283 

115 

2 06 

0 99 




1 Krantr, J C , Jr , Feldman, IL, Momson, S , and Carr, C J , Peoc. Soc. Exp 
B ior.. AXD Med , 1930, So, 4S 

a Beck, F F , Krantz, J C , Jr , Feldman, M , and Carr, C J , Pace Soc Bxp 
BlOU AND ilED , 1937, 37, 357 

3 Donglaa Sanermann, A G , Z Fhystol Chem , 1935, 231, 92 
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Nature of the Urinary Androgens of Castrate Men 


Walter Hoskins* and Bruce Webster 

From, the Barbara Henri/ Ecsearch Laboratory of the Hew Yorh Hospital and 
Department of Medicine, Cornell Unltersiti/ Medical College, New Tort City 


A number of investigators have reported small amounts of urinary 
androgens in human male castrates*"® but the nature of the active 
material has not been established. A comparison of this androgenic 
material with that from the urine of normal men is of interest in 
view of the increasing use of urinary androgen values as measures 
of testis activity 

The present report describes the measurement of the androgens 
in the urine of male castrates and the fractionation of this material 
with digitonm in an effort to characterize the androgens present 

A complete urine collection was made from two male surgical 
castrates for 9 and 7 days respectively and the urines pooled One 
subject had been castrated 10 years previously at the age of 37, the 
other 35 years before at the age of 26 The urine was kept in the 
refrigerator without added preservative and used within 3 days after 
its collection Acid hydrolysis, benzene extraction and separation 
into androgenic and estrogenic fractions were carried out according 
to the methods of Gallagher, et al” The androgenic fraction was 
taken up in 60^^ alcohol and assayed by inunction on the capon 
comb in parallel with pure androsterone as a standard f Assays on 
groups of 4 to 6 capons showed an androgen excretion of 6 inter- 
national units per day 

One-half of the androgenic fraction, the equivalent of 8 days’ 
excretion, was treated with digptonin to separate any dehydroiso- 
aiidrosterone (or other sterols having an hydroxyl group at position 
3 in the beta configuration) as the insoluble digitonide * The 


, Educabon Board and BnrbBTa Henry Research Fellow 

1 Koch F 0„ J Urology, 1036, S6, 382 

3 Chou, C T , and Wu, H , Chinese J 

sCaUow, E K., Proc Boy Soc Med , 1938, 31, 84L 

4 Hansen, E H., EndoXrinologie, 1988, 21, 9 

r F P JAMA, 1939, 112, 1037 

6G^Uagher,"T F,’ Peterson, D H, Dorlman, E L, Kenvon, A. T, and Koch, 

^ *5 We air grateM CorpomUon, Lafayette Park, New Jersey, for 

T we ar S Robert Kinloeh for lus assistance with the assays 

H, Hanisch, 0. and Kudsrna, H, Z 

Chem , 1985, 237, 57 
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Nature of the Urinary Androgens of Castrate Men 


Walter Hoskins* and Bruce Webster 

From Vic Barhara Henry BesearcU Laioratory of the Few Tori, Hospital and 
Department of Medicine, Cornell Vniversity Medical College, Few Tort City 


A number of investigators have reported small amounts of urinary 
androgens m human male castrates'"* but the nature of the active 
material has not been established A comparison of this androgenic 
material with that from the urine of normal men is of interest in 
view of the increasing use of urinary androgen values as measures 
of testis activity 

The present report describes the measurement of the androgens 
in the urine of male castrates and the fractionation of tins material 


with digitonm in an effort to characterize the androgens present 

A complete urine collection was made from two male surgical 
castrates for 9 and 7 days respectively and the urines pooled One 
subject had been castrated 10 years previously at the age of 37, the 
other 35 years before at the age of 26 The urine was kept m the 
refrigerator without added preservative and used within 3 days after 
Its collection Aad hydrolysis, benzene extraction and separation 
into androgenic and estrogenic fractions were canned out according 
to the methods of Gallagher, et al * The androgenic fraction was 
taken up m 60% alcohol and assayed by inunction on the capon 
comb in parallel with pure androsterone as a standard t Assays on 
groups of 4 to 6 capons showed an androgen excretion of 6 inter- 
national units per day 

One-half of the androgenic fraction, the equivalent of 8 days’ 
excretion, was treated with digitonin to separate any dehydroiso- 
androsterone (or otlier sterols having an hydroxyl group at position 
3 m the beta configuration) as the insoluble digitonide ^ The 


EdDcabon Board and Barbara Henry Hesearoh Fellow 

1 iroch F G , J Urology, 1936, 36, 382 
sSn,'? T:andWu,H,«/ 

3 Callow, E. K, Proo Boy Soc 3fed. 1938, 31, 

4 TTnwHen. E BU Endolrtnologie, 1938, -il, 9 

“.SSgbiN'’ d' a! » I . Km,.., i T , „a B;o,h, 

Cftem, 1935, 337, 67 
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Urinary Androgens of Castrate Men 


digitonide was decomposed with pyridine and the debydroisoandro- 
sterone and androsterone fractions assayed in parallel with the pure 
androgens An extract of normal male urine was treated similarly 
Control experiments with known solutions of dehydroisoandro- 
sterone gave only a 70% recovery with digitonin treatment so the 
values observed for the urine fractions have been corrected for this 
loss The results are shown in Table I 
The value found for the total androgen excretion of male cas- 
trates, 6 lU per day, agrees with the values previously reported, 
most of which are betivcen 1 and 10 I U pier day although Callow 
reports one case with 30-39 1 U per day The ratio of androsterone 
to dehydroisoandrosterone in male castrate unne, 4 1, contrasts with 
the approximately 1 1 ratio previously reported for normal male 
urme^' * and the 3 2 ratio found here Attempts to isolate andro- 
gens from these fractions were unsuccessful In the absence of 
actual identification of androsterone or dehydroisoandrosterone 
considerable caution must be used in interpreting these figures On 
the other hand, in view of the presence of these two androgens m 
the unne of normal men and women and female castrates^’ * “ it 
seems reasonable to assume that these two compounds make up the 
greater part of the biologically active material (An inactive epimer 
of androsterone, alpha-3-hydroxyetiocholanone-17, has been iso- 
lated m amounts equal to androsterone from the urme of normal men 
and of female castrates Hansen* suggests that the androgenic 
matenal in male castrate urme resembles A-4-androstenedione m its 
biological action He did not consider the possible presence of dehy- 
droisoandrosterone and the properties he mentions can probably be 
explained as due to the combined actions of dehydroisoandrosterone 
and androsterone rather than to androstenedione 

It IS apparent from Table I that the sum of the androgenic activ- 
ities m the androsterone and dehydroisoandrosterone fractions is 
about 20% less than the total androgens as determmed on the 
imfractionated urine This difference is due to errors arising from 
the manipulations mvolved, the biological assay, the rather arbitrary 
correction factor applied to the dehydroisoandrosterone values and 
the activity ratio used m converting gamma of dehydroisoandro- 
sterone to gamma of androsterone (I U ) The existence of this 
difference and the nature of the methods used make it inadvisable to 
theorize from the present data but at the same tune these ratios have 


interesting implications 

8 DineemaMe, B , and Laqnevr, E , Siocfiem. J, X938, S3, 651 
8 Callow, N H., Callow, B. K., Siochem J , 1039, S3, 931. 
10 Birsclimaim, H., J Bwl Chetn^ 1939, ISO, 421. 
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Urinary Androgens of Castrate Men 


digitomde was decomposed with pyridine and the dehydroisoandro- 
sterone and androsterone fractions assayed m parallel with the pure 
androgens An extract of normal male urine was treated similarly 
Control experiments with kno^vn solutions of dehydroisoandro- 
sterone gave only a 70% recovery with digitonm treatment so the 
values observed for the urine fractions have been corrected for this 
loss The results are shown m Table I 

The value found for the total androgen excretion of male cas- 
trates, 6 I U per day, agrees with the values previously reported, 
most of which are between 1 and 10 I U per day although Callow 
reports one case with 30-39 I U per day The ratio of androsterone 
to dehydroisoandrosterone m male castrate urine, 4 1, contrasts with 
the approximately 1 1 ratio previously reported for normal male 
urme^’ * and the 3 2 ratio found here. Attempts to isolate andro- 
gens from these fractions were unsuccessful In the absence of 
actual identification of androsterone or dehydroisoandrosterone 
considerable caution must be used in interpreting these figures On 
the other hand, m view of the presence of these two androgens in 
the urine of normal men and women and female castrates’^* " ” it 
seems reasonable to assiune that these two compounds make up the 
greater part of the biologically active material (An inactive epimer 
of androsterone, alpha-3-hydroxyetiocholanone-17, has been iso- 
lated m amounts equal to androsterone from the urme of normal men 
and of female castrates ’* Hansen* suggests that the androgenic 
material in male castrate urine resembles A-4-androstenedione in its 
biological action. He did not consider the possible presence of dehy- 
droisoandrosterone and the properties he mentions can probably be 
explained as due to the combined actions of dehydroisoandrosterone 
and androsterone rather than to androstenedione 

It IS apparent from Table I that the sum of the androgemc activ- 
ities in the androsterone and dehydroisoandrosterone fractions is 
about 20% less than the total androgens as determined on the 
unfractionated urine This difference is due to errors ansing from 
the manipulations involved, the biological assay, the rather arbitraiy 
correction factor applied to the dehydroisoandrosterone values and 
the activity ratio used in converting gamma of dehydroisoandro- 
sterone to gamma of androsterone (I U ) The existence of this 
difference and the nature of the methods used make it inadvisable to 
theorize from the present data but at the same time these ratios have 
interesting implications 

8 Dingemanfle, E , and Laqnenr, B , Biocftem. •!, 1938, S2, 651 

9 Callow, N H., and Callow, B K., 3toehem J , 1939, 33, 931 
10 Hirschmann, H., J Siol Chem^ 1939, ISO, 421. 
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The isolation of steroids from the adrenal cortex closely resem- 
bling the common androgens, some having androgemc activity, and 
the high levels of urinary androgens m some cases of adrenal tumor 
seem to point to the adrenal as the source of the extragonadal urmarj 
androgens Callow® has discussed this possibihty and m viev, of the 
isolation of large quantities of dehydroisoandrosterone from the 
unne of patients with adrenal tumors suggests that all the dehydro- 
isoandrosterone and most of the other androgemc activity in normal 
male unne is derived from the adrenal and not the testis With this 
suggestion m mind it is surprismg to find that the male castrate 
urine contained a smaller rather than a larger proportion of dehydro- 
isoandrosterone than normal urme. It is conceiv'able that the testis 
normally transforms a portion of the steroids elaborated by the 
adrenal cortex mto the testis hormone which is subsequently changed 
by other tissues into suitable excretion forms, androsterone and its 
inactive epimer and dehydroisoandrosterone A small part of the 
steroids appears to go though this or a similar series of reactions 
independently of the testis and can be found m the urme when the 
testis is absent as the same androgens but in slightly different pro- 
portions 

The measurement of the relative amounts of these two types of 
unnary androgens by digitonm frachonation is bemg carried out on 
the urme of female castrates, boys and girls, in an effort to extend 
the data. 

Summary A pooled urme collection from 2 male castrates con- 
tained 6 I U per day of androgenic activity Capon assaj of the 
results of digitonm fractionation mdicated an androsterone to 
dehydroisoandrosterone ratio of 4 1 compared with the approxi- 
mately 1 1 ratio foimd in normal male urme In the absence of the 
testis smaller amounts of the same or similar androgens are ex- 
creted m slightly different proportions 
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Urinary Androgens of Castrate Men 


digitonide was decomposed with pyridine and the dehydroisoandro- 
sterone and androsterone fractions assayed in parallel with the pure 
androgens An extract of normal male urine was treated similarly 
Control experiments with known solutions of dehydroisoandro- 
sterone gave only a 70% recovery with digitonm treatment so the 
values observed for the urine fractions have been corrected for this 
loss The results are shown in Table I 

The value found for the total androgen excretion of male cas- 
trates, 6 I U per day, agrees with the values previously reported, 
most of which are between 1 and 10 I U per day although Callow 
reports one case with 30-39 I U per day The ratio of androsterone 
to dehydroisoandrosterone in male castrate unne, 4 1, contrasts with 
the approximately 1 1 ratio previously reported for normal male 
unne^ * and the 3 2 ratio found here Attempts to isolate andro- 
gens from these fractions were unsuccessful In the absence of 
actual identification of androsterone or dehydroisoandrosterone 
considerable caution must be used in interpreting these figures On 
the other hand, in view of the presence of these tivo androgens in 
the unne of normal men and women and female castrates^' ' it 
seems reasonable to assume that these hvo compounds make up the 
greater part of the biologically active material (An inactive epimer 
of androsterone, alpha-3-hydroxyetiocholanone-17, has been iso- 
lated m amounts equal to androsterone from the urine of normal men 
and of female castrates Hansen* suggests that the androgenic 
material in mcile castrate urine resembles A-4-androstenedione in its 
biological action He did not consider the possible presence of dehy- 
droisoandrosterone and the properties he mentions can probably be 
■explained as due to the combined actions of dehydroisoandrosterone 
and androsterone rather than to androstenedione. 

It IS apparent from Table I that the sum of the androgemc activ- 
ities in the androsterone and dehydroisoandrosterone fractions is 
about 20% less than the total androgens as determined on the 
unfractionated urine This difference is due to errors arising from 
the manipulations mvolved, the biological assay, the rather arbitrary 
correction factor applied to the dehydroisoandrosterone values and 
the activity ratio used m converting gamma of dehydroisoandro- 
sterone to gamma of androsterone (I U ) The existence of this 
difference and the nature of the methods used make it madvisable to 
theorize from the present data but at the same time these ratios have 
interesting implications 


8 Dineeummie, B , and Laqneur, E , Bioehem. J, 1938, S2, 651. 
« Callow N H., and Callow, E, K., Bioehem J , 1989, 38, 93L 
lOHiwchUnn, H., / Bxol CTiem, 1989, ISO, 4S1 
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The isolation of steroids from the adrenal cortex closelj resem- 
bling the common androgens, some having androgenic activity, and 
the high levels of urinary androgens m some cases of adrenal tumor 
seem to point to the adrenal as the source of the extragonadal unnarj 
androgens Callow® has discussed this possibdity and m view of the 
isolation of large quantities of dehydroisoandrosterone from the 
urine of patients with adrenal tumors suggests that all the dehydro- 
isoandrosterone and most of the other androgemc activity in normal 
male urme is derived from the adrenal and not the testis With this 
suggestion m mind it is surpnsmg to find that the male castrate 
urme contamed a smaller rather than a larger proportion of dehydro- 
isoandrosterone than normal urme It is conceivable that the testis 
normally transforms a portion of the steroids elaborated by the 
adrenal cortex mto the testis hormone which is subsequently changed 
by other tissues mto suitable excretion forms, androsterone and its 
inactive epimer and dehydroisoandrosterone A small part of the 
steroids appears to go through this or a similar senes of reactions 
independently of the testis and can be found in the urme when the 
testis is absent as the same androgens but in slightly different pro- 
portions 

The measurement of the relative amounts of these two types of 
urinary androgens by digitonin fractionation is being earned out on 
the urme of female castrates, boys and girls, m an effort to extend 
the data 

Summary A pooled urme collection from 2 male castrates con- 
tained 6 I U per day of androgemc activity Capon assaj of the 
results of digitomn fractionation indicated an androsterone to 
dehydroisoandrosterone ratio of 4 1 compared with the approxi- 
mately 1 1 ratio found m normal male urme In the absence of the 
testis smaller amounts of the same or similar androgens are ex- 
creted in slightly different proportions 



608 


11279 

Quantitative Studies on Relationship Between Estrogen and 
Mammary Gland Carcinoma in Strain C3H Mice 

Edward L Burns and John R Schenken (Introduced by 
Kenneth L Burdon ) 

From the Department of Pathology and Sactenology, School of Medtcine, 
Ixiulstana Slate Dmversiiy, New Orleans 


The first experimental proof of a qualitative and quantitative 
relationship between the internal secretions of the ovary and car- 
anoma of the mammary gland in mice was presented by Leo Loeb^- ^ 
and more recent investigations* have amply confirmed the qualitative 
phase of this relationship The following experiments concern the 
quantitative aspects of the problem 

Materials and Methods The data were obtained from 206 strain 
C3H mice* of which 122 were experimental and 84 were control 
animals Tlieir diet consisted of fresh Purina dog chow, to which 
lettuce was added at irregular intervals 

All the experimental animals were males and all were at least 5 
months old when they died or were sacrificed They were divided 
into 7 groups (Table I) and were injected with estradiol benzoate 
m a solution of sesame oil (Progynon-B) from the age of 2 weeks 
onward as follows 

Group I received 3000 rat umts in 2 doses over a penod of 3 days 
Groups II-VI inclusive received 100 rat units weekly for 4, 8, 12, 
16, and 20 weeks respectively 

Group VII received 100 rat units weekly throughout the duration 


^^T^e control groups consisted of 38 untreated breeding male 
(Group VIII) and 46 untreated bree ding female mice (Group IX), 

B c", and Uoeb, Leo, J Cancer See, 1916, 1, 1 

2 Loeb Leo, J it Sesearch, 1919, 40, 477 

r 'c F J Exp iled , 1927, 4C, 983 , Murray, W S , / Cancer Ses^ 1928, 
12 18 A., Comp! rend Acad d ,c , 1932, 105, 630, Bouaer, G M 

f Path and Pact , 1935, 41, 33, Burrova, Aa, J Cancer, 1935, SI, 613, 
« W, aua H;rruu„ ^ f 

ir 1 M oTiO Loeb. Iieo, Afli d Cancer, 1930, 

• The parent puimala were obtained m 1938 from the Boscoe B Jackson Memo 
t, Ot B-ir Harbor, Maine In New Orleans the strain has been propa 

"" 6 “!w bT brother to sJter matings 4 high percentage of spontaneous 
™oma of the mammary gland occurs among the breeding females of this 


strain 
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Quantitative Studies on Relationship Between Estrogen and 
Mammary Gland Carcmoma in Strain G3H Mice 

Edward L Burns and John R Schenken (Introduced by 
Kenneth L Burdon ) 

pTom the Department 0 / Fathologp and Bactenology, School of Medicine, 
Lotmiana State Vniverstty, New Orleans 


The first experimental proof of a qualitative and quantitative 
relationship between the internal secretions of the ovary and car- 
cinoma of the mammary gland in mice was presented by Leo Loeb^ * 
and more recent investigations’ have amply confirmed the qualitative 
phase of this relationship The following experiments concern the 
quantitative aspects of the problem 

Matenah aud Methods The data were obtained from 206 stram 
C3H mice* of which 122 were experimental and 84 were control 
animals Their diet consisted of fresh Purina dog chow, to which 
lettuce was added at irregular intervals 

All the experimental animals were males and all were at least 5 
months old when they died or were sacrificed They were divided 
into 7 groups (Table I) and were injected with estradiol benzoate 
m a solution of sesame oil (Progjmon-B) from the age of 2 weeks 
onward as follows 

Group I received 3000 rat units m 2 doses over a period of 3 days 
Groups II-VI inclusive received 100 rat units weekly for 4, 8, 12, 
16, and 20 weeks respectively 

Group VII received 100 rat units weekly throughout the duration 


^^The control oroups consisted of 38 untreated breeding male 
(Group VIII) and 46 u ntreated breeding female mice (Group IX), 

■ 1 Ualhrop, A E C , and Loeb, Leo, J Cancer Ses , 1916, 1, 1 

2 Locb, Leo, J M Sesearch, 1919, 40, 477 

3 Con C F / irp 1927, 40, 983, Murray, W 8 , J Cancer Ses , 1928, 

13 18 -UaiBS^ene, A , Compt rend Acad d sc, 1932, 195, 630, Bonser, G 

T Path and Bact , 1936, 41, 33, Burrows, U , Am J Cancer, 1935, S4, 613, 

w, ,.4 >, »■».. != I.. 

ir pnd lioeb. Leo, ^ Canrer, 1936, 2*, 2-9 

^ - The parent nnimals were obtained in 1938 from the Boscoe B Jackson Memo 
nnl Laboratory at Bnr Harbor, Marne In New Orleans the stram has been propa 
t 6 oniT bv brother to sister matings 4. high percentage of spontaneous 
LrLoma of the mammary gland occurs among the breedmg females of this 
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all of which were o\er 6 months of age at the time of necropsy (Table 

It IS important to note that after the specified course of injections 
the mice in Groups I-VI inclusive received no further treatment 

The presence or absence of tumors was determined by gross m- 
spection at necropsy, a sufficient number of tumors havmg been 
examined microscopically to establish the accuracy of gross diagnosis 
Small masses of questionable identity were not regarded as neo- 
plasms 

Results No tumors developed in the animals of Group I or 
Group II A low incidence was observed in the animals of Groups 
III and IV, and the tumors developed at an earlier age in the mice 
of these groups than m the mice of any other experimental group 
Moreover, all 3 ammals which developed tumors in Group III were 
from the same litter A relatively high and essentially equal per- 
centage of tumors developed in mice of Groups V, VI and VII and 
the neoplasms occurred at approximately the same average age in 
each group The female controls (Group IX) developed a higher 
percentage of tumors than an> of the experimental groups, and the 
tumors appeared at an older age No tumors were noted m the male 
controls (Group VIII) The complete data are shown in Table I 

Summary 1 Beginning at the age of 2 weeks, 122 non-breedmg 
male strain C3H mice were treated with estrogen for varying periods 
of time At the end of the specified course of injections the mice 
received no further treatment imtil they died or were sacrificed 
2 Four weekly doses of 100 rat units of estrogen produced no mam- 
mary gland carcinomas, 8 and 12 weekly doses of 100 rat units 
produced a low incidence of these tumors 3 After 16 weekly 
doses of 100 rat units of estrogen had been given a relatively high 
percentage of carcinoma of the mammary gland developed, the ad- 
ministration of 20 weekly doses or an average of 32 7 weekly doses 
of 100 rat units did not raise the incidence of tumors above this 
level 4 Three thousand rat units of estrogen administered over a 
period of 3 days at the age of 2 weeks produced no tumors 
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Effect of Inhaled Carbon Dioxide in Rheumatoid (Atrophic) 

Arthritis 

Arthur Locke and Morris A Cohen 

From the Institute of Pathology and the Department of Orthopedics of the 
TTestem Pennsylvania Bospital, Pittshurgh 

A part of the limitation to movement in rheumatoid (atrophic) 
arthritis is due to muscle spasm and pain, not to limiting changes in 
structure It can be lessened through administration of carbon 
dioxide and returned through acceleration of carbon dioxide loss 
(over-breathing) to a degree suggesting relationship to the phe- 
nomenon of hypen'entilation tetany 

The 10 subjects of the experiment summarized in Table I were 
given inhalations of 10 to IS^b carbon dioxide in oxjgen for 2 to 5 
minutes, from a Tissot spirometer, following determination of the 
degree of limitation to motion existing prior to inhalation All 
responded to the inhalation with the immediate, transient, measur- 
able and significant decrease m limitation indicated A subjective 
impression of decrease in pain was reported, followung first inhala- 
tion of CO:, by all of the group but one It could be corroborated 
by observation, before and after inhalation, of the amount of passu e 
flexion or pressure required to elicit the painful sensation in question, 
m only 6 The effect on pain, like the effect on limitation of motion, 
was not obserx'ed follow'ing inhalation of oxygen unmixed w ith CO- 
but was more certainly elicited b)' mixtures of CO: with 0x3 gen 
than by mixtures of CO- w'lth air Both effects persisted longest in 
those of the subjects making greatest effort to guard against o\er- 
breathing through self-control, stimulation of CO:-production 
through persevering mild, non-painful exercise, and precaution 
against chilling Cumulatue effect, following repeated inhalation, 
w as obtained only up to the point of limitation b}' factors other than 
muscle spasm and pain 

Carbon dioxide was less certain and definite in effect on the con- 
ditions grouped in Table II 

Administration of 10 to 20% CO; in ox}gen to rabbits was fol- 
low ed bj the transient decrease in responsiveness to the stimulus of 
chilling* indicated in Fig 1 and the assoaated' transient decrease in 

1 Locke, A , J Immunol , l‘>39, 30, 159 365 

-Locke, A , and Main, E R , t Immunol, 1039 ^ <t0, 173 
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mistakable increase in exerase tolerance «as obtained Kerr® and 
associates ha\e used CO; to combat anxietj complex, effort sjm- 
drome and related conditions preapitated by h)-perventilabon and 
charactenzed bj impaired abilitj to relax and to utilize relaxation as 
a means of conseniung and accumulatmg strength 0\er-breathmg 
IS a constant hazard uhen pain’“ is combined inth inactintj Mam- 
tenance of an adequate arculation is the major defense not only 
agamst low-grade mfection^ but also against atrophy and the tj-pe 
of structural change assoaated w ith arthntis 
The observations reported above suggest, but do not estabhsh, 
the possibility that CO:rimpovenshment may be a factor m the de- 
velopment and progress of atrophic arthntis Work is under waj 
on the larger problem of therapj No conclusne progress in that 
direction has been obtained or is herewith imphed. 

Summary A transient, small but measurable and sigmficant 
decrease m limitation to motion was observed m 10 persons with 
atrophic arthritis following inhalation of 10 to 15% CO. (m O.) 
for a length of time (2 to 5 mm) suffiaent to mduce a feelmg of 
warmth and breathlessness An equivalently defimte and regularly 
elicited effect was not observed m 10 additional persons with lun- 
itations due to conditions (osteo-arthntis, fibrositis, etc) not classi- 
fiable as atrophic arthritis Transient decrease m sensitivity to 
cold and m susceptibilitj to histamine was observ ed m rabbits dunng 
inhalation of CO- m 0; 

9 Kerr, W J, Dalton, J and Ghebe, P A-, Ann Int 1937, 11, 961, 

Soley, il, H-, and Shock, K W, Am. J lied Sri., 1938, 106, 840 
10 Henderson, T , Am J Phystcl , 1909 10, 35, 310 

UGoldhnit, A. D , Wnght, L. IL, and Pemberton, 'B., Am J 2Ied Sn., 1930, 
180, 386 
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^Effect of iahaled 10% CQn (in Oj) on responjrivenesa to stuonlns and on gna 
oaptibmty to hiatanune ahock in chilled labbita The croages indicate the course 
of gpontaneoQS temperature recovery following chilling to the beginning tempera 
wea indicated A mnxka the time nt which inhalation waa begun, B marka the 
time of diecontlnnance , 0^ mg of histamine waa given, intravenonaly, at the 
time marked H. 

susceptibility to histamine Carbon dioxide raises the threshold of 
sensitivity to stimulus’ to an extent capable of producing anesthesia* 
on inhalation for 1 minute or longer in concentrations exceedmg 
20% Histamine is the possible chemical mediator of pam “ 

Mixtures of carbon dioxide with air or oxygen have been given 
over long periods of time in amounts and concentrations in excess 
of those given the subjects in Tables I and II, without ill effect and 
with many indications of beneficial effect (improvement m peripheral 
circulation) ® ’’ Marked relaxation was observed by Loeveiihart,® 
during administration of COj to a group of psychotics for the pur- 
pose of rousing them from catatonia Spontaneous movements of 
the ex-tremities occurred The eyes lost their fixed, starmg quality 
and undertook purposeful movement Carbon dioxide was given 
by Henderson" for the purpose of obtaining mcrease in collateral 
circulation m angina pectoris and intermittent claudication Un- 

3 Huttwer, J P , Am J" Fhysxol , 1838, 12&, 275 

4 Leake, C D , and Watcra, B M., J Pharm. and Sxp Iherap , 1928, 88, 280 

5 Boaeuthal, S E , and Itmard, D , J Exp Med , 1939, 70, 415 

8 Henderaon, T , Am Heart J , 1930 31, <1, 648 

7 Dautrebande, L, at, Ann. physiol phymcodhim liol , 1938, 14, 516, 
Kbugman, T , Ann. Int Med , 1939, 13, 677 

8 XK)eveuhart, A S , Lorenz, W F , and Waters, B M. , J Am Med Assn , 
1929, OiS, 880 
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mistakable increase in exercise tolerance was obtained Kerr® and 
associates have used CO 2 to combat anxiety complex, effort syn- 
drome and related conditions preapitated by hypervenfalation and 
characterized by impaired ability to relax and to utilize relaxation as 
a means of conserving and accumulating strength Over-breathmg 
IS a constant hazard when pain^° is combmed with inactivity Mam- 
tenance of an adequate circulation is the major defense not only 
against low-grade infection^ but also against atrophy and the type 
of structural change associated with arthritis 

The observations reported above suggest, but do not establish, 
the possibility that CO--impoverishment may be a factor in the de- 
velopment and progress of atrophic arthritis Work is under way 
on the larger problem of therapy No conclusive progress in that 
direction has been obtained or is herewith implied 

Summary A transient, small but measurable and significant 
decrease m limitation to motion was observed in 10 persons with 
atrophic arthritis following inhalation of 10 to 15% CO- (m Oj) 
for a length of time (2 to 5 min) sufficient to mduce a feeling of 
warmth and breathlessness An equivalently defimte and regularly 
elicited effect was not observed in 10 additional persons with lun- 
itations due to conditions (osteo-arthntis, fibrositis, etc.) not classi- 
fiable as atrophic arthritis Transient decrease m sensitivity to 
cold and m susceptibility to histamine was observed m rabbits during 
inhalation of COi in O- 

8 Kerr, W J, Dolton, J W, and GUcbe, P A., Ann Int iled , 1937, II, 961, 
Soley, M. H., and Shock, N W , Am J Med Scu, 1938, lOO, 840 

10 Henderson, T , Am J PhynoJ , 1909 10, S5, 310 

11 Goldhaft, A. D, Wnght, L M., and Pemberton, B, Am J Med Sci , 1930, 
180, 386 
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MiNUTES 

FIG 1. 

E£Eect of inhaled 10% COo (in O^) on responsireneas to rtmnlnB and on bus 
ceptibUitT to histamine shock in chilled rabbits The crosses indicate the course 
of spontaneous temperature recovery follo'wing chilling to the beginnmg temper 
tuiw iDdicutod A markfl the titn© at which inhalatloii was DCgtm, B marks toe 
time of discoDtiDuancOi 0 8 mg of histamino was givea, mtiavenoasiy, at the 
tune marked H. 


susceptibility to histamine Carbon dioxide raises the threshold of 
sensitivity to stimulus’ to an extent capable of producing anesthesia* 
on inhalation for 1 minute or longer in concentrations exceedmg 
20% Histamine is the possible chemical mediator of pain ‘ 

Mixtures of carbon dioxide with air or oxygen have been given 


over long periods of time in amounts and concentrations in excess 
of those given the subjects in Tables I and II, without til effect and 
with many indications of beneHcial effect (miprovm^t m peripheral 
circulation) ’ ^ Marked relaxation was observed by ^ev^art,’ 
during administration of COs to a group of psychoUcs for the pur- 
pose of rousing them from catatonia Spontaneous movements of 
Se ex-tremities occurred The eyes lost *eir fixed, staring quality 
and undertook purposeful movement Carbon dioxide was given 
by Henderson’ for the purpose of obtammg mcrease in coUateral 
circulation in angina pectoris and intermittent claudication Un- 


sHet^c^ J Therap, 1928, 38, 280 

B:a“'ard, h’, . - 

' pf^ysicocMn, Mol, 1938, 14, 616, 

P,’aua IVaters, S. IL, J Am. Uod 

1929, 02, 880 
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tion The boxane plasma was prepared similarlj, (10 cc of a 2 5% 
sodium citrate solution per 100 cc of blood) the blood, after col- 
lection from a living animal by venipuncture, being placed in centri- 
fuge tubes xvitli a capacity of 250 cc Centrifugation was carried 
out for one hour at 2500 revolutions per minute The supernatant 
plasma was pipetted off into sterile flasks for storage m the ice box 
(temperature 5°C) where it was allowed to remain for a w'eek or 
more before being used The sterility of the bovine plasma w as deter- 
mined by culture on veal infusion broth before administration 
Several batches of plasma w'ere passed through a Berkefeld filter 
as an added precaution, but extensive trial show'cd that this pro- 
cedure w'as not necessars to insure sterihtj Sulfanilamide, 0 2 
gram to a liter of plasma, w'as used in some instances as a preserva- 
tix'e (Novak) * Through the cooperation of the Department of 
Veterinar}' Medicinej of the Universit} of Minnesota, it was pos- 
sible to secure fairl} large xveekl) stores of bovine blood from cow'S 
that were free from tuberculosis and Bang’s disease 

During the period of the study, tlie patients were on a protein-free 
diet Tea, orange juice, nectar and xvater w-ere allow'ed by mouth 
to supplement intravenous administration of 5 or 10% glucose solu- 
tion Enough carbohydrate was given m this manner to afford a 
caloric intake of about 1200 calories daily and to ax'Oid ketosis 

The total daily output of urine passed was presen ed with 
toluene Dailv determinations of the total urinarj nitrogen * non- 
protein nitrogen urea” nitrogen and sugar were made At the be- 
ginning of the study and at the end. and at mten als of 2 to 3 days 
between, values for plasma proteins non-protem nitrogen® and 
blood urea nitrogen® and chlorides* were determined The specific 
gravitj of the blood of the recipients was kindly determined for us 
b} Dr C J Beilis bj the falling drop method ' The weight of the 
patient was determined at interxals through the period of studj 

As indicated in Table I, the usual procedure was to allow the 
excretion of nitrogen in the urine to readi a basal lex el, the patient 
being supported b) a carbohydrate intake only in the 3- to 5-day 
^-ovakrM, J A V A , I'tao, 113, 2227 

t It 15 n rcnl picnsuro to net nowlpdpe licrc our pmtitndc for helpful a55i5tnncc 
to tlio Htc Dr C P Fit,ti nnd to Dr XViIHrd L Bord Profc55ors of Vetonnarr 
Medicine 

■1 Koch, F C and ■McMeekiu, T L., J Amcr Chem Soc , 1024, 40, 20CG 
5 FoUn, O , and XVu, H J Uinl Clirm , 1^19, S8, Si 111 
0 Karr, W Q,J Lob ond Clin Ifed , 1024, 9, 320 

"Cavett, T W , and Iloldridge C F J Lob ond Clin Jfrd 3033, 18 o^i. 
s Barbour, n F and Hamilton, W F JAMA 102" 88, 91 
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Intra\enous Administration of Bovine and Human Plasma 
to Man Proof of Utilization * 

Owen H Wangensteen, Harry Hall, Arnold Kremen and 
Beatrice Stevens 

From the Department of Surgcni, University of ilinnctota Medical School, 

Minneapolis, Minn 


In this and other clinics, human plasma has been given intra- 
venously in preparing patients with obstruction at the gastric outlet, 
exhibiting the effects of hypoproteinemia, for operation Whipple^ ® 
and his associates have demonstrated that dog plasma administered 
intravenously to dogs is utilized In this study it is proposed to indi- 
cate that (1) Human plasma administered intravenously to pa- 
tients IS retained and utilized, (2) plasma presents distinct advan- 
tages over whole blood for the purpose of maintainmg nitrogen 
equilibrium and to elevate depleted plasma protems in starvation 
states, (3) bovine plasma may be given intravenously to man in 
fairly large quantities , it too is retained and utilized 
We Avish to make it clear that the mtravenous administration of 
bovine plasma to man has not been established as a safe routine 
hospital procedure The data submitted herewith afford proof, 
however, that bovine plasma may be administered intravenously to 
some patients in fairly large quantities When the possibilities and 
limitations of the method become understood well enough, it is not 
unlikely that the method may become a practical hospital procedure 
useful in civil as well as in war surgery for various purposes having 
to do with contracted blood volumes and protein stores 

Method All the patients upon whom metabolic tests were made 
in this study and to whom human and later bovine plasma was given, 
were afflicted with cancer and presented some of the effects of pro- 
tein starvation All patients, hov ever, were essentially afebrile 
The human plasma was obtained from the surgical blood bank of 
citrated blood in the hospital, the cells being removed by centrifuga- 

7=7— herewith -BTcre-Bapported by 

Cl, nf the University of Minnesota and by a grant for technical assistance by 
fhf worh Jrorects Administration, Official Project No 665 71 3 69, Subproject 

^\?ommerenke, W T, Slavin, H B, Kanher, D H, and Whipple, J g, 

^ ^Daf?'p S.^^^b^chmtBobbins, P S , and Whipple, 3 G,J Biol Chem , 
1938, 123, 87 
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interval The effect of the administration of human blood or 
plasma upon tlie excretion of nitrogen was noted first, then, similar 
studies were made during the administration of bovine plasma The 
daily administered amounts of human blood or plasma and bovme 
plasma indicated in the table were given in 2 divided doses (morn- 
ing and evening) An intracutaneous injection of 0 OS cc of bovine 
plasma was first made as a test If no enlargement of the wheal was 
observed at 20 and 40 minutes, the test was interpreted as being neg- 
ative and 2 cc of bovme plasma was injected intravenously, before 
larger amounts were given None of the patients were diabetic and 
the urinary excretion of sugar represents spillage from too rapid 
administration of 10% glucose solution 

Results Representativ'e results are indicated in the table For 
purposes of conserving space, tlie detailed information m Cases 2, 4, 
5 and 6 are omitted in the table Only Cases 1, 5 and 6 failed to re- 
ceive bovine plasma intravenously Case 2 received 750 cc of bovme 
plasma over a 4-day interval. Case 4 received 1000 cc of bovine 
plasma and the daily urinary excretion of nitrogen was definitely 
lower than in the 4 days preceding during which 2000 cc of whole 
human blood was given Tests for protein in the urine were uni- 
formly negative, in all instances, the total urinarj' nitrogen was 
accounted for by non-protein nitrogen The urinary nitrogen studies 
m Case 1 (see table) suggest a definitely greater urinary excretion of 
nitrogen during intravenous administration of whole human blood 
than when human plasma was given This observation appears to 
be borne out in other instances, vie , that administration of whole 
blood pyramids the urinarj' excretion of nitrogen In Case 5, after 
4 days of protein starvation, the urinarj excretion of nitrogen fell to 
1 26 g per day, 500 cc of whole human blood was then given intra- 
v'enously for 6 daj s On tlic 5th day the urinarj’- excretion of nitro- 
gen was 9 12 g, on the 6th daj 8 3 g In Case 1, over the S-daj 
period that 2250 plasma was given (protein content 7 g per 100 cc), 
a total of 157 5 g of protein or 25 3 g of nitrogen was introduced 
During this same time 19 34 g of nitrogen was excreted in the urine, 
indicating a nitrogen retention of 6 g 

In Case 3 (see table), the average dailj urinarj output of nitrogen 
was 7 61 g after 3 dajs of dailj administration of SOO cc of whole 
human blood intravenously, preceded in turn bj 3 dajs of no exo- 
genous intake of protein Accompanjmg 4 davs of administration 
of bov me plasma during which time SOO cc had been given, the dailj 
unnarv nitrogen excretion was 4 34 g, suggesting that the intra- 
vcnouslv administered protein was being stored somewhere m the 
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Reactions Bo\ me plasma has been gi\ en mtrai enously m small 
amounts (2 to 10 cc) to a larger number of patients ^\ho \sill be 
reported upon m a later stud} It ma} be said here that of 66 
patients so injected reactions \\ere noted m 10 cases (15%) Nine 
of these reactions nere classified as mild to moderate m se\erit} In 
a patient mth an inoperable carcinoma of the rectum, hanng a 
histor} of asthma dating back 20 }ears, a se\ere anaph} lactoid tipe 
of reaction \Mth se\ere d}spnoea attended the mtra\enous injection 
of 2 cc of bonne plasma The patient responded satisfactorih to 
mtra\enous injections of epmephnn and ammoph\lm The patient 
had no late effects 

A thermal reaction -was noted in Case 3 In 3 of the patients 
gnen large quantities of bonne plasma upon whom metabolic 
studies n ere made, a generalized urticaria de\ eloped 5 to 6 da} s after 
the administration of bonne plasma was begun The urticaria 
lasted usuall} 3 to 4 da}s and was fairh satisfactonh relie\ed b\ 
epinephrine There was no joint manifestations 

Three patients m the series were gnen a single mtrarenous in- 
jection of bonne plasma m the amounts of 100 50 and 25 cc after 
8, 7 and 48 da}S respectneh had elapsed since the last injection No 
reactions attended these injections 

Discussion It would appear that the use of bonne plasma for the 
treatment of clinical states m which contracted blood lolumes or 
decreased protein stores are present ma} ha^ e real promise Before 
mtra^enous use of bonne plasma can be recommended for clinical 
usage, howe^er it is important to determine with some precision 
what the limitations of the method are with reference to safet\ of 
administration It mav prore that partition of the proteins m the 
plasma, vie , administration of the albumen or the globulin fraction 
alone may pro\e more useful than the whole plasma 

Conclusions 1 Human plasma administered mtra\ enoush is 
retained and utilized A patient to whom a daih average of 450 cc 
of plasma was gl^en o\er a 5-da} period was maintained m positne 
nitrogen balance 2 Human plasma appears to be a better agent than 
blood to emplo} to maintain nitrogen equilibrium m stanation states 
3 Boiine plasma can be gnen mtra%enousl} to man in fairh large 
quantities it is retained and apparent!} utilized 
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body Determination of the protein content of bovine plasma was 
made on 4 batches Values between 7 and 8 g per 100 cc were 
uniformly found Case 7 (see table) received a total of 1500 cc of 
bovine plasma over a 5-day penod, without increasmg the daily 
urinary excretion of nitrogen appreciably over what it had been 
after daily administrations of 500 cc of whole human blood over a 
4-day period 

In no instance did we succeed in keeping the patient in nitrogen 
balance attending intravenous injection of bovine plasma In Case 
3, there was an excretion of 7 1 g more of nitrogen in the urine over 
the intake, during the 4-day period of the study Similarly in Case 7, 
there was a negative nitrogen balance of 9 968 g for the 5-day period 
However, in Case 3, the average daily excretion of nitrogen was 
definitely less than the basal level for the control period when there 
was no exogenous intake of nitrogen While in Case 7, the daily 
average excretion of nitrogen m the unne, during the period when 
bovine plasma was given, was less than the basal level of the pre- 
liminary 4-day period of protein starvation Further, few significant 
increases in the non-protein nitrogen of the blood occurred durmg the 
administration of bovine plasma The relationship between the total 
non-protein nitrogen and the urea of both blood and urine showed 
no significant alteration suggestive of abnormal catabolism of 


protein 

Inasmuch as Case 3 was given only an average of 2 5 g of nitro- 
gen per day and Case 7, 3 84 g, it is reasonable to infer that not 
enough protein (bovine plasma) was given to maintain a positive 
nitrogen balance In Case 1, a positive nitrogen balance was main- 
tained with human plasma, an average of 5 06 g of nitrogen being 
given each day of the 5-day period of study Inasmuch as enough 
bovine plasma was not given to maintain mtrogen equilibrium, one 
could not reasonablj expect that the plasma proteins of these patients 


would be increased 

To a patient with a bleeding gastnc ulcer upon whom no metabolic 
studies were made, 25 and 100 cc of bovine plasma were injected 
intravenously on 2 successive days without reaction Two days 
later when bleedmg to a shock level occurred {Uood pressure 80/40), 
300 cc of bovine plasma was given over an hour s time, durmg the 
n^t 2 5 hours an additional 400 cc was given-all without reaction, 
A^blood pressure having risen after Ae initial injection of 300 cc 
to 130/90 at which level it was maintamed This was the largest 
amount of bovine plasma injected over a relatively short period of 


time 
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TABLE L 


Giovp 

12 hi 

24 hr 

‘Jo ilortahty at 

48 hr 

72 hr 

96 hr 

A 

20 

100 



— 

— 

B 

0 

0 

10 

20 

20 

C 

20 

100 

— 

— 

— 

D 

10 

100 

— 

— 

■ 


Group D 10 mice Experimental senes One cc of a 1% acacia 
suspension of N^-dodecanoylsulfamlamide administered orally 1 hour 
and 24 hours after infection 

The evidence elicited from the study of the absorption and dis- 
tribution of the drug suggested that it ivould be necessary to admin- 
ister the drug together with fats capable of being absorbed from the 
gastrointestinal tract if any therapeutic effect was to be demonstrated 
Accordingly all subsequent experiments involved the administration 
of the drug orally m olive oil or milk and oil suspensions WTien 
administered in this manner, the drug appeared to be somewhat more 
effective against beta hemoljTic streptococcal infections than sulfan- 
ilamide itself 

Experiment 2 All animals infected by the intraperitoneal admin- 
istration of 1 \ 10^ cc of a 16'hour culture of C-203 
Group A 100 mice Untreated controls 
Group B 250 mice Sulfanilamide controls One cc of a 
acacia suspension administered orally 1 hour and 24 hours after 
infection 

Group C 200 mice Experimental series One cc of a 1% 

olive oil solution of N'-dodecanoylsulfanilamide administered orall) 
1 hour and 24 hours after infection 
Group D 100 mice Experimental series One cc of a 1% 

suspension of NModecano\lsulfanilamide in milk and oil adminis- 
tered orall} 1 hour and 24 hours after infection 

■\s is the case with sulfanilamide itself, NModecano}lsulfanila- 
mide shows no protectue action against o\en\ helming infections 
jD(5ci(W[oii An exliaustue pharmacological stud} of this drug is 
being carried out at the present time and the results w ill be reported in 


TABLE IL 


Group 

12 hr 

24 hr 

% Mortality at 

48 hr 

72 hr 

06 hr 

A 

26 

100 



_ 


B 

0 

o 

8 

10 

16 

C 

0 

0 


4 

4 

D 

0 

1 

1 

1 
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N^-Dodecanoylsulfanilamide I Experimental Infections with 
Beta Hemolytic Streptococci 

Da\td R. Climenko and R L Schmidt (Introduced by Harry 

Gold ) 

From the Pharmacological laboratory. The Calco Chemical Company, 
Cold Spring Harbor 


The chemical properties of N*-dodecanoylsulfaniIamide have been 
described b}' Crossley, Northey and Hultquist^ and the absorption, 
distribution, and toxicity of the drug will be discussed in another 
paper of this series The present report deals with the chemothera- 
peutic effects of the drug in experimental infections of mice with 
beta hemolytic streptococci 

While 3 strains of beta hemoli^ic streptococci, C-203,* SH-1685,t 
and “Todd”,i have been employed in this work, the results have been 
so consistent that tlie report will only deal with the effects on C-203 


Virulence titrations of a 16-hour culture of this organism growm on 
fresh beef infusion, whole blood media gne 100% mortality figures 
within 24 hours for concentrations dowm to 1 x 10-* cc and 100% 
mortality figures within 72 hours for concentrations down to 1 x 10"^ 
cc These virulence figures refer to young mice of the Swiss stram 
weighing between 10-12 g The absorption of N*-dodecanoyl- 
sulfanilamide from the gastrointestinal tract seems to be dependent 
on the absorbable lipoids present in the gut This fact manifested 
itself to us m our earlier experimental work when it appeared that 
the drug had no protective action in streptococcal infections after it 
had been admimstered either orally or subcutaneously in acacia sus- 
pension The following expenment illustrates this point 

Experiment 1 All ammals infected by the mtraperitoneal admin- 
istration of 1 X ICr* cc of a 16-hour culture of C-203 
Group A 10 mice Untreated controls 

Group B 10 mice Sulfanilamide controls 1 cc of a 1 % acacia 
suspension of sulfanilamide administered orally 1 hour and 24 hours 
after infection 

Group C 10 mice Experimental series One cc of a 1 % acacia 
ct^nposion of N*-dodecanoylsulfamlamide admimstered subcu- 
SSy 1 h our 24 hours ater .nfabon 

I Prom the Lilly Lnboratones, Indianapolis, Ind. 
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these obsen'ations, but Kolmer, Raiziss and Rule® and Smithbum’ 
have been unable to reproduce these results Smithbum produced 
an experimental tuberculous menmgitis, and administered the drug 
intraperitoneall) , vhile Kolmer and his associates administered the 
drug intramuscularly We ha\ e ahvaj s found that oral administra- 
tion of sulfanilamide is the most effective method of administration 
The fatty acids of chaulmoogra oil have been suggested for the 
treatment of tuberculous mfections for some time Walker and 
Sweeney* made this suggestion in 1920, while Rogers® and Burgess^® 
reported chmcal successes m the treatment of the dermal manifesta- 
tions of tuberculous mfections w'lth hydnocarpic acid esters Walker 
and Sm eeney pointed out that chaulmoogric acid \\ as not capable of 
penetrating the wall of the tubercle, and Kolmer, Davis and Jager^^ 
demonstrated that chaulmoogric acid had no inhibiting effect on the 
development of experimental tuberculous infections in guinea pigs 
The combination of a long chain fatty acid with sulfamlamide, 
combmmg the fat solubility of the one with the penetrating proper- 
ties of the other, might provide a more effective agent in controlling 
experimental tubercular infections m guinea pigs tlian was a\ailable 
in sulfanilamide itself or m any member of the fatty acid series 
itself It uas ivith this specific purpose in mind that N®-dodecano>l- 
sulfanilamide w as sjmthesized 

It was first demonstrated that N‘-dodecanoylsulfanilamide was 
capable of inhibiting the growth of human tubercle bacilli tn vjtro 
A series of flasks containing beef infusion, gljcerme, dextrose broth 
were set up to contain N^-dodecanoylsulfanilamide in concentrations 
of 10 mg/100 cc, 20 mg/100 cc, and 100 mg/100 cc A similar 
preparation was made containing sulfanilamide at a concentration 
of 100 mg/100 cc A series of untreated control flasks were also 
set up All flasks were inoculated with the H 37 strain of human 
tubercle bacilli and incubated at a temperature of 37 5 ± 2°C 
for a period of 90 da}s Concentrations of 10 mg/100 cc of 
N*-dodecano}lsulfanilamide m the culture medium inhibited growth 
o^er this period, while a similar inhibition was produced bj a con- 
centration of 100 mg/100 cc of sulfanilamide The controls grew 
out luxuriously 

0 Kolmer, J A., Eairiss, G W , and Role, A. M , Peoc Soc Exp Bioi- axb 
Med , 1938, 30, 581 

1 Enuthbnrn, K Pkoc Soc Exp Bioe. a\-d Med , 1938, 38, 574, 

8 Walker, E, L. and Sweener, M A , J Infect Ihe , 1920, 20, 238 

9 Roger*, li, Bnt lied 1933, j, 47 
10 Burges*, W , Snt lied J , 1935, 2, 835 

u Kolmer, J Davis, L. C and Jager, R , J Infect Dts , 1921, 28, 2o5 
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the immediate future It has been suggested" that tlie activity of 
the drug is dependent on its breakdown with a resultant liberation of 
sulfanilamide Our present direct evidence shows that no such 
breakdown occurs m tlie gastrointestinal tract Indirect evidence 
from studies on therapeutic efficacy® indicates that this N®-acyl com- 
pound IS more active than sulfanilamide on a molecular basis 

Results 1 N*-dodccanoylsulfanilamide, when administered in oil 
to mice, shows marked therapeutic efficacy against beta hemol}!^ 
streptococci 2 This therapeutic effect is lost when the drug is ad- 
ministered m an aqueous medium 
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N’-Dodecanoylsulfanilamide II Experimental Infections iMth 
Mycobactertuin tuberculosis 

David R Cliuenko (Introduced by Harry Gold ) 

From t/if Pharmacological Lahoratory, The Calco Chemical Company, 

Cold Spring Sarhor 


It was pointed out* that N*-dodecanoylsulfanilamide, when ad- 
ministered in fatty menstrua, exerted a more potent therapeutic 
effect against experimental beta-hemolytic streptococcal infections 
than sulfanilamide This compound, whose chemical and physical 
properties have been described," differs from sulfanilamide only in 
so far as a long chain fatty acid has been substituted for an H 
atom in the N* position This gives to the compound a very high 
degree of fat solubility 

A new impetus has been lent to the subject of the chemotherapy 
of tuberculous infections by the report of Rich and Folhs’ that sul- 
fanilamide IS capable of inhibiting tlie development of the tubercu- 
lous process in guinea pigs after the experimental mfection with 
human tubercle bacilli Greey and his associates* “ have repeated 


2 Marshall, J r , 
B Eemstone, W 
1 Climenlto, D 


Personal eommamcation, 

H Wolff, B and Williams, B D To be pubbshed 
B , and Selimidt, B L , Pnoc Soc Eip Biol, and AIed , 1940, 



Biol, and 

Boddington, G D H, and Little, M. H., Paoa Soc Exr 
and Med , 1939, 40, 448 
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Animals of Group D show ed localized tubercular lesions at the site 
of infection and inioliement of the adjacent Ijnipliatics Practi- 
callj all of these animals dei eloped discharging purulent infections 
at the injection site Thej showed no gross splenoniegalj , Iner in- 
rohement or kidnei iniohement There was no macroscopic eii- 
dence of generalized tuberculous hmphademtis in no instance did 
the disease process extend bejond the periaortic glands at the bifur- 
cation of the aorta 

Conduswiis 1 N'-dodecano}lsulfanilamide inhibits the growth 
of tubercle bacilli in z’lfro at a concentration of 10 mg/100 cc in beef 
mfusion-dextrose-gljcerine media o\er a period of 90 dajs 2 N^- 
dodecanoylsulfanilaniide inhibits the derelopnient of the tubercu- 
lous process m guinea pigs infected subcutaneousK witli a human 
strain of tubercle bacilli 
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Production of Pneumonia in Rats by Intravenous Injection 
of Pneumococci * 

A.UICE H KempfandW J Noxgester 

From the Ihintentc Lohoratorv, Unnertiti/ of iticlngan, Ann Arbor, IfiWi 


Rake' demonstrated that pneumonia could be produced m mice 
when the pneumococci were introduced bi the mtraienous route 
The important factors were the strain and dose of the organism and 
the breed of mice Twche of 87 mice had macroscopic lesions, 6 
of the 87 failed to show aii) microscopic lesions The pathology of 
the \arious stages encountered was clearh described 

Prior to this work with a few exceptions intraieiioiis injection 
of pneumococci has failed to gi\e rise to pneumonia Although it 
has long been postulated that the origin of the infection might be 
bi w a\ of the blood stream there has been little e\ idence to support 
it 

EniploMiig the Schwartznian phcnonieiioii \\ itebskw Xeter and 

ard" were able to localize pneumococci injected mtra\enousK m 
dcnnal lesions of rabbits 

*Thi«c 'tudu' nided 1)\ t pnnt from tin Ilonn II Rniklnni “Sdionl 

of Gndinlo Studio" 

iRnko GiolTr.i J Erp Mril 1010,0,1 101 

- W itol)"k-v Frnpst nnd Xitir Eruin I’roc Sq^ Hiol. \nd Mrj) lois 18 1S7 
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The tit VIVO work was earned out on guinea pigs A group of 80 
animals, weighing between 350-400 g were infected by the subcu- 
taneous administration of 1 mg of the H 37 strain of human tubercle 
bacilli, administered m tlie region of the groin These ammals were 
then divided into 4 groups of 20 as follows Group A Untreated 
controls Group B Sulfanilamide senes 100 mg sulfanilamide in 
1% acacia suspension administered daily by stomach tube for 45 
days Treatment initiated immediately after infection Group C 
Experimental senes 100 mg NModecanoylsulfanilamide in 2% 
olive oil solution administered daily by stomach tube for 45 days 
Treatment initiated immediately after infection Group D Ex- 
perimental series 100 mg N'-dodecanoylsulfanilamide in 2% olive 
oil solution administered daily by stomadi tube for 40 daj s Treat- 
ment mitiated 5 days after infection 

All ammals in Group A developed the classical signs of tuber- 
culous infection with human strain organisms Tubercles formed 
at the site of inoculation, and in most instances, discharged through a 
secondarily infected sinus Tliese ammals developed generalized 
tuberculous peritonitis and lymphadenitis with gross splenomegalj 
and liver involvement Pulmonary involvement was rarely seen 
With the exception of those animals sacrificed 30 days after in- 
fection for postmortem examination, all members of this group 
died within 65 days 

Animals of Group B developed localized tubercular lesions at the 
site of injection, which rarely showed secondary infections Ani- 
mals sacrificed at the end of 30 days for comparison with untreated 
controls show very slight generalized disease The splenomegaly 
in this senes w'as not nearly as pronounced as in the case of the 
controls and the glandular involvement was considerably less ex- 
tensive The results were essentially similar to those described by 
Rich and Folks and by Greey and Ins associates 

Animals of Group C showed localized tubercular lesions at the 
site of infection, whicli in some instances spread by direct contact to 
involve a considerable area of tissue One animal (No 51 in the 
series) developed a tuberculous ordntis, but showed no signs of 
generalized tuberculous Ijonphadenitis or peritonitis A large pro- 
portion of these animals developed secondary infections at the site 
of injection, sinuses formed, and heavj' purulent material was dis- 
charged In most instances the secondary organisms were staphylo- 
cocci Animals of this group sacrificed 120 days after infection 
showed no gross splenomegaly as compared with the untreated con- 
trols In no instance was there macroscopic evidence of tuberculous 
peritonitis or tubercles m the liver or kidneys 
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‘\nimals of Group D show ed localized tubercular lesions at the site 
of infection and inrohement of the adjacent Ijmphatics Practi- 
cal!) all of these animals de\ eloped discharging purulent infections 
at the injection site The) showed no gross splenomegal) , Iner in- 
vohement or kidne) imohement There was no macroscopic e^^- 
dence of generalized tuberculous l)mphadenitis in no instance did 
the disease process extend be\ond the periaortic glands at the bifur- 
cation of the aorta 

Conclusions 1 N*-dodecano)lsulfanilaniide inhibits the growth 
of tubercle bacilli in vitro at a concentration of 10 nig/100 cc in beef 
infusion-de\trose-gl)cerine media o\er a period of 90 da)S 2 N'- 
dodecano)lsulfaniianiide inhibits the de\elopnient of the tubercu- 
lous process in guinea pigs infected subcutaneoush with a human 
strain of tubercle bacilli 
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Production of Pneumonia in Rats by Intravenous Injection 
of Pneumococci • 

A.UCE H KeMPF AND W J Kungester 
From the Uyoicnic Lohoratorii, rnircrtili/ of ifichioati, Am Arbor, Jtirli 


Rake* demonstrated that pneumonia could be produced in mice 
when the pneumococci were introduced b% the intravenous route 
The important factors were the strain and dose of the organism, and 
the breed of mice Twehe of 87 mice had macroscopic lesions 6 
of the 87 failed to show an) microscopic lesions The patholog\ of 
the \arious stages encountered was cicarh described 

Prior to this work with a few exceptions intrarenous injection 
of pneumococci has failed to gne rise to pneumonia A,lthough it 
Ins long been postulated that the origin of the infection might be 
b\ w a^ of the blood stream there has been little e\ idence to support 
It 

EmploMiig the Schwartzman phenomenon W itel)sk\ Xetcr and 
Ward' were able to localize pneumococci injected intraeenousl) in 
dermal lesions of rabbits 

* The«c stiidiis win tiiIihI lir n pnnt from Uil Ilomi 11 Rncklnm s, liool 
of Griduitt SluiliP' 

1 Rnko GiofTriv T Frp Med 1*11(1 0.1 1*11 

- W itotuki Frill *t mill Xoter, Ennn ProT Hioi,. wn Mrsi 1*11S aS 1S7 
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I^TRAVENObS PRODUCTION OF PNEUMONIA 


TABLE I 


Ttpc I Pneumonia Besultang from Intravenous Injection of Pnetunococci 


Sterile Mucm 
Intrabroncbiallv* 
ce 

Pneumococci 

Intravenously 

cc 

No of rats 
Inoculated Dead 

% of Animals with Macro 
scopic Consolidationt 

01 

10-1 

4 

4 

100 

01 

10-2 

21 

14 

62 

01 

KM 

5 

Ci 

iw 

0 

01 

10-c 

3 

1 

33 

oa 

10-T 

4 

1 

25 

00 

10-2 

5 

4 

0 

01 

00 

5 

0 

0 


* Animals irhich did not develop pnenmonia were shown to have small atelecta 
tic lesions, evidence of intrahroncliial inoculation, 
t Prom one-fonrth to an entire lobe was involved. 


In our experiments, rats were inoculated intrabronchially with 
0 1 cc of sterile mucin according to a technic previously described,’ 
immediately thereafter, the animals were injected mtravenously 
(using the tail vein) with various amounts of culture The data are 
presented in Table I 

In interpreting these results it must be remembered that these 
animals received only one inoculation of organisms, many of which 
were distributed throughout the bod) and removed by the fixed 
phagocytic cells It is noteworth) that m at least one rat, the 
disease was produced with as small an inoculum as ICf' cc of culture 

Although in the past it has been generally impossible to produce 
pneumonia in experimental animals by intravenous injection of 
pneumococci, this may be accomplished in rats following intrabron- 
chial inoculation of sterile mucin The presence of mucus material 
in the lung or some comparable condition is a necessary predisposing 
factor for the localization of the pneu mococa 

I Nungcster, W J and Jourdonais, L F , J Infect Dls , ISSe, BO, 258 
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Effect of Gelatin on Poi%er of Women to Perform Maximal 
Anaerobic Work * 

F A Hellebraxdt, Rozell Rork axd Elizabeth Brogdox 
C Introduced bj W J Aleek ) 

From the Department of Plitiswloqti I iinrrstiv of TTieronwin Jlcthrnt ‘^chnnl 


Gil Cine IS present in gelatin to the extent of 25% Its creatino- 
genic action is the basis for its use in the treatment of miopathies 
and simple fatigabiliti (Boothbi,* Wilder," Tripoli and Beard’) 
Howeier, eiidence is accumulating which suggests that although 
the anaerobic reactions of muscle biochemistr} imohe creatine, such 
reactions ma\ be little concerned with tlie performance of exercise 
in the steadi state ( Sacks * Flock Ingle and Bollman ’ Millikan®) 
It would, therefore seemliighK desirable and possibh e\en necessarj 
to use maximal anaerobic work m quantitatue studie<i designed to 
test the influence of gelatin on muscular fatigue which are based 
upon the creatine-fixing function of ghcine Ra\ Johnson and 
Tailor’ reported that the dail) administration of 60 g of gelatin to 
each of 6 men for a period of weeks was associated ini'ariabli with 
an increase in work capaciti No appreciable effect was demon- 
strable when comparable doses of gelatin were giien to 4 women 
included m the studi The rate of work whicli produced exhaustion 
within a few minutes the magnitude of the difference in muscle 
power exhibited bi the male and female subjects and the sex laria- 
tion in the response to gelatin were all sufficieiitli unusual to war- 
rant repetition of the obseri ations made on w omen 

Methods The subjects of the iniestigation were 6 louiig adult 
women all of whom had had professional training in phi steal educa- 
tion and were accustomed to seiere phisical actiiiti The exercise was 
performed on an electrodiaiamic brake biciclc ergometer equipped 
with a graphic loltmeter to record rate of working and the speed of 

• Supported in part bv funda from the Wi«con8in Alumni Research Foundation. 
lBoothbi,lV At Proe ^taff itcet Vapo Cltnic 1134 9 513 flOO 
- 'tVildcr, R M , Rroc Staff J[ect ilavo Clime Ii34 9 GOC 
3 Tripoli C J and Beard, H H Southern iled J 113S 31 C03 
3 Sacks, T , dm r Phunol , 193S 122 215 

■ Flock, E V Inplc D J , and Boliman T L J Biol Chem I131 129, n 
0 Millikan G A Phunol Per 1131,19 303 

“ Rav G B Tohn'on T R and Tarlor M M Broo Exp Bior. \ ai 
Mm 1131 40, 157 
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Gelatin and Work Performance 


pedalling (Kelso and Hellebrandt*) Load and speed were stand- 
ardized for each subject Duration of exercise was the independent 
variable The subject rode to cNhaustion, the end-point for ex- 
haustion being inabiht} to maintain the voltage which served as an 
indicator of the rate of working Fig 1 is a reproduction of a 
t\’pical record, show ing the rapiditj w ith which the \ oltage rises as 
the speed of pedalling increases and the constancy with w'hich it is 



Fio 1 


X iO X 

, , 1 ^«ifmptpr record obtained on the electro djuamic brake bic}cle 

Ume .n 10 ^onds Arrows ,ndrcate dorat.on of 




8 Kelso, L. E A ; 


^;;;i^di;b7aiidt, F a , J I^b and CUn Med , 1934 10 
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maintained once the rh 3 'thni is set Actnit) ceased abruptl} nhen 
the rpm necessan to sustain tlie \oltage could no longer be tolerated 
Fi\e A\omen worked at a 290 watt subject output and one at 220 
ENhaustion w as usual!) reached m less than 60 seconds Tlie dura- 
tion of the effort m the record illustrated, beginning time at the 
instant the standard rate of working was achieAed was 45 4 seconds 
These findings are in sharp contrast to the data reported b) Ra) ct al , 
whose men and women subjects were rapidl) fatigued b) an 
crgouictcr output of 60 and 45 watts respectnelj 

After a period of preliminar) training in the performance of rapid 
Molent work standardized as to seierit), gelatin was added to the 
regular diet and then withdrawn as exercise continued Tue sub- 
jects ingested 15 g of gljcine per dtcui, administered as 60 g of sheet 
gelatin dissohed and then allowed to solidif) in 250 cc of water to 
which the juice of one lemon and 2 tablespoons of sugar were added 
One subject took half the dose in the form of granular gelatin dis- 
sohed 111 cold fruit juice 

Result’; and Thctr Intcrpntatiou Fig 2 illustrates the results 
obtained upon R R , an tspeciall) well trained subject who had 
spent the summer preceding the e\periment on a c) cling tour Her 



In r( ]>rO(luclioii of tilt ono I s R M tt ttl it it not t to ni-^tiint nn irlutrtrv 
t tlnv irooX tlint tlio nuniljtr of obtcrvntions jtnltliiliotl lit tlirm miRht lorrc^liond 
to the nuniorionl nluo pirtn for tin tluntioii of tlicir cspcnmLnt in dnvj Tins 
-jirt ids till ir Clint ind niininiizos tin nti of clnnct tn poictr 
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abilit} to perform anaerobic work of extreme seventy increased over 
a period of 65 days The daih ingestion of gelatin failed to sustain 
her improving capacity for work The tendency toward a decrease 
m power, clearly evident m Fig 2 (RR ), may be attributed to 
staleness ” Though short-lived, the work was so rigorous that 
recovery may have been incomplete in 24 hours No atlilete can 
repeat a record-breaking performance daily Transient increases in 
power occurred both at the beginning of the administration of gelatin 
and at the onset of the post-gclatin control period No matter how 
well trained the subject, it is never possible to completely eliminate 
psjchic influences in experimentation involving human beings per- 
forming work to exhaustion on devices not driven by forces bev ond 
V'oluntary control 

For purposes of comparison, the onlj data reported for a w omaii by 
Raj, Johnson and Taj lor" and those obtained on their male subject 
demonstrating the best effect attributed to gelatin are also reproduced 
m Fig 2 Henderson and Haggard” estimated the maximal jxiwer 
of Yale Oljmpic oarsmen as 0 56 horse power m a short race lasting 
6 minutes The powder developed bj R R was 69% of that demon- 
strated by these men This compares favorably with Dawson,’” v\ho 
estimates that the maximum tnerg) which can be exerted bj a 
woman is approximatch 72% that of a man The power de\ eloped 
bv the male subjects of Raj ct al , was 0 08 horse power a rate of 
working which could be rapidly exhausting only if carried on at 
excessively high speeds Subject R R rode at 98 rpm In our 
experience, pedalling rates beyond 120 are self-limiting because of 


incoordination 

Fig 3 illustrates the effect of introducing gelatin at different 
phases of the training period Subject B McL , slight in build and 
weighing 52 kilos, exhibited the greatest improvement with daih 
exercise and attained the highest work output in our series The 
administration of gelatin relatively early in the experiment mav be 
interpreted as having had no effect upon the trend of the training 
curve which rose steeply from the beginning to the end of the experi- 
ment Her power to perform work oscillated more w ideh than that 
of R E B whose training curve w'as closely^ approximated hi our 
remaining subjects although gelatin was administered to them as 
early as to B McL Tlie data presented in Fig 3 suggest that gelatin 
neither affects the capacity to do m ore w^ork as a result of repe ated 

-T~ V nna H w , Am J Plmwl 1925 72, ei ,4 

lOvZZy m', r/M P/JLle-rV 0 / Pf»/»>cai 1935, Balt.more The 

WilliamB & WilkiBS Co 
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of B McL and RJIJJ They oxorciscd daily In thiB figure os in Fig 2, the 
5 day week is arbitrarily used for graphing the data of Rai cl nl against time 

actiMtt, nor prevents the dctelopmcnt of chronic fatigue (R E B ) 
■when the actnit) is too set ere 

Tlie gelatin ingested was added to tlic regular diet increasing its 
protein content b) one gram or more per kilo per dicm Wishart” 
showed that the performance of a long distance racing c)'chst w'as 
best on high protein diets Mirski and his associates'” hate recentl} 
shown that the blood sugar and fuel resort es of the liter laid down 
on a protein-rich diet behave differentl} from those deposited on a 
diet of carboh)drate Such obsertations suggest that gelatin might 
be adtantageous in the performance of protracted hard work 

Siiiinnarv and Caiicliistoits Phtsical exercise maximal anaerobic 
in ttpc and constant as to the rate of working and speed was per- 
formed to the point of exhaustion bt 6 healtht toung adult women 
\ftcr a period of prcliminart training tart mg in length in the dif- 
ferent subjects, gelatin tt as added to the diet and its influence upon 
the time of onset of muscular fatigue was noted The etidence pre- 
sented substantiates the follow ing conclusions Gelatin has no effect 
u tVulinrt G ar , J Thvsiol , 1034, 82, Isa 

i^Miroki \ , Ro'cnlnnm I , 'Stein K nnd ttirtlicimcr, > , J Fln/tio? lotS, 
02 4S 
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abiht) to perform anaerobic vork of extreme seventy’ increased over 
a period of 65 days The daih ingestion of gelatin failed to sustain 
her improving capacit) for work The tendency tOAvard a decrease 
m power, clearly evident in Fig 2 (RR ), may be attributed to 
“staleness ” Though short-lived, the work was so rigorous that 
recovery may have been incomplete in 24 hours No athlete can 
repeat a record-breaking performance daily Transient increases in 
pou er occurred both at the beginning of the administration of gelatin 
and at the onset of the post-gelatin control period No matter how 
well trained the subject, it is never possible to completely eliminate 
psychic influences in experimentation involving human beings per- 
forming work to exliaustion on devices not drn en by forces bej ond 
Aoluntary control 

For purposes of comparison, the onlj data reported for a w oman bv 
Raj , Johnson and Tra lor' and those obtained on tlieir male subject 
demonstrating the best effect attributed to gelatin are also reproduced 
m Fig 2 Henderson and Haggard” estimated the maximal power 
of Yale Oljmpic oarsmen as 0 56 horse jxiAAer in a short race lasting 
6 minutes The poAver developed by R R aa as 69% of that demon- 
strated bj these men This compares faAorablj AVith DaAVSon aaIio 
estimates that the maximum cnergj' Avhich can be exerted by a 
woman is approximateh 72% that ot a man Tlie poA\er der eloped 
bv the male subjects of Raj lI al , was 0 OS horse poAver, a rate of 
working Avhich could be rapidlj exhausting onlj if earned on at 
excessively high speeds Subject R- R rode at 98 rpm In our 
experience, pedalling rates bej'ond 120 are self-hmiting because of 


incoordination 

Fig 3 illustrates the effect of introducing gelatin at different 
phases of the training period Subject B McL , slight in build and 
weighing 52 kilos, exhibited the greatest improvement with daily 
exercise and attained the highest Avork output m our series The 
administration of gelatin relativelv early in the exjerment may be 
interpreted as having had no effect upon the trend of the training 
curve which rose steeplj from the beginning to the end of the experi- 
ment Her power to perform work oscil ated more Avidelv Aan that 
of R E B , Avhose training curve Avas closely approximated bv our 
remaining subjects although gelatin was administered to them as 
early as to B McL The data presented in Fig 3 suggest that gelatin 
neither affects the capacity to do more work as a result of repea ^d 

j „ TT W Am J Pliv»oJ 1025, 72, 264 

IoSITp m’, Phymolo’oy of Phvmcal FdncaUon, 1935 BnlUmore The 
WiUlnnu WilVins Co 
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^ oltmctor record' wore not obtained on dav* in winch gap' occur in the curves 
of B McL- and Thor exercised dailr In this fipurc as in Rg 2, the 

5-diT week is arbitmrilv n*ed for gnphing the data of Rav ct al against time 

actiMtt nor pretents the dc\ elopment of chronic fatigue (R E B ) 
wlien the acti\it\ is too set ere 

The gelatin ingested ttas added to the regular diet increasing its 
protein content bt one gram or more per kilo per diem Wishart” 
shotted that the performance of a long distance racing ctchst ttas 
best on high protein diets Mirski and his associates’* hate reccntlt 
sliottTi that the blood sugar and fuel reserves of the liter laid dottn 
on a protein-nch diet behate differentlt from those deposited on a 
diet of carbohtdrate Such obscrt-ations suggest that gelatin might 
be adtantageous in the performance ol protracted hard ttork 

Summar\ mid Coiicluswu'! Pht sical exercise maximal anaerobic 
in ttpc and constant as to the rate of ttorking and speed ttas per- 
formed to the point of exhaustion bt 6 hcaltht touiig adult ttonicn 
\ftcr a period of preliminart training tartiiig m length in the dif- 
tcrent subjects, gelatin ttas added to the diet and its influence upon 
the time ot onset of mu«cular fatigue ttas noted The ttidence pre- 
sented substantiates the follotting conclusions Gelatin has no effect 

ilWnhar G M, I rhu'inl 82 ISS ^ 

l-Mir«Vi \ Ro^iiilnuni I 1 ^n<l tt< r 1 mm- I J Diur ol 

02 <S 
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upon tlie capacit) of \\ omen to perform maximal anaerobic work, nor 
an} apparent effect upon tlie improrement m power due to training 
Gelatin docs not precent the de\clopmcnt of “staleness” when brief 
work of extreme seeerit^ is repeated dail} orer a long period of 
time A comparison of the published data of Ray, ct al / with tliat 
of our series of experiments suggests that the increase in work output 
attributed b} these nn estigators to gelatin ma} also haee been a 
training effect 

Acknozvlcdgmcnts Our best thanks are due to Betty McLaughlin, 
Mary Stow ell, Helene Sanger and Beatrice Hellebrandt for the 
faithfulness with which the} “pla}ed themsehes out” each time 
thev rode the bic}cle ergometer and to Prof Kelso of the School of 
Engineering for his anahses of the discrepancies in work evident in 
the comparison of our observations with tliose of Ra}, Johnson and 
Ta}lor 
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Further Approach Toward Control of Spontaneous Cancer of 
Mammary Gland m Mice by Heptyl Aldehyde- 
Sodium Bisulphite 

LeonellC Strong* (Introduced b} 5 Bayne-Jones ) 

From tie Department of Anatomy, Tate University School of iledicinc 

Evidence has been presented that demonstrates quite coneincingly 
that the growth rate and fate of spontaneous carcinoma of the 
mammar} gland m mice ma} be significant!} influenced be heptyl 
aldehyde " The effect of liquefaction (both partial and in some cases 
complete) together with a slower growth rate and complete disap- 
pearLce of ^e tumor mass could be brought about by the intro- 
duction into the organism of the drug either by the diet or by sub- 
cutaneous injection (at areas remote to the spontaneous tumor) 
One of the lim iting factors in the introduction of the mat ^ 

^ „r,n the Jane Coffin Childs Memorial Fund for Medical Besearch Acknowl 
f I«n dne to Dr E Auchincloss of Columbia Umversih and to Dr 

F Greenba''nm, Director Pharmaceutical Besearch National Drug Company, 
L their iLndness m supplying the material, heptvl aldehyde sodium bisulphite 

C^a^ -3, 30, 3Sd 
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through the diet is the fact that the resulting mixed food becomes 
so bitter \\ ith the larger effective doses that tlie normal food habits 
of the mouse may be interfered with The greatest limiting factor 
of the injection technic is that local ulceration is sometimes quite 
pronounced 

In a recent paper, it was pointed out that in order to influence 
malignanc) the heptjl aldehjde must be used fresh It was found 
that as soon as the heptyl aldehyde-normal diet mix had “aged 
even for a few daj's the efficac) of the drug was greatly diminished 
One waj of “protecting ’ the precocious deterioration of the hept}! 
aldeh} de w'as the addition to it of a small amount of methj 1 salicylate 
— that IS, to approacli more or less the chemical situation in the 
original true or natural oil of Gaultheria ■ Since, how ever, the hept} 1 
aldehyde undergoes oxidation readily, one may prohibit or delay, 
to a certain extent, this change by either of two methods (1) the 
addition of a knowm anti-oxidant, such as sahcjlic aldehyde to it, or 
(2) the combining of it with such a chemical as sodium bisulphite 
Both of these suggestions have been tried, but the results obtained 
on spontaneous cancer with the second method alone wnll be dis- 
cussed in the present communication 

Hept}l aldeh}de-sodium bisulphite addition productf is water 
soluble It is fairly stable in the dry state, but when in solution, it 
comes into contact w’lth the tissues of the bod}, it slowdy gnes up its 
heptyl aldehyde 

Sevent}-fivc female mice of the Strong A strain with spontaneous 
tumors of the mammar} gland have so far been injected w ith freshly 

2 Stronp, L C, Talc J Biol and 3[cd , 1D3D, 11, 207 

1 Tlie nintcrinl from Xntionnl Drug Coraponr wns prepared by muang hcptrl 
nldelirdc CP and sodium bisulphite CP together in cquimoleculnr proportions 
Upon stirring the mixture beennii solid in from S to 10 minutes It vns tlien 
filtered and dried Tlie compound, thus formed, is of o brilliant mother-of pearl 
lustre and appears to be crTstnlhiie It contains 52 3% of heptrlaldehyde The 
sample from R Auchincloss ins prepared according to Gumming, Hopper and 
Whetler (‘tistematic Organic Chimistri Alodern 'Itethods of Preparation and Esti 
Illation, p 518) from a rcnctm solution of X'nllSOa Fifteen grams of 
Xn^COa were put into 100 cc IIoO SO_ ■was bubbled through This gave a white 
precipitate The SO_ was passed 50 minutes whin solution was cleared of white 
precipitate At this time the solution did not set smell of SOe After anotlier 
2" minutes the ciolution of CO. stopped and the solution smelled' of SOe 38 S c< 
h.ptaldehvde (Faslman) nas thin nddcil and shortiv later nnother 18 8 cc (lOOf, 
txu>ss) White pri'cipitate nas foriiieil quuKli It was loft in the ice laix 
Oiirnight The matiriai nas tlien filtend and the cristals mre waslieil witli a 
small amount of 051^ alcohol \ micro sulfur determination nas 13 0<~,, theore*i 
cal I4C<~r The resulting compound is water soluble and is stable in solution at 
ni utral pH 
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upon the capacitj of women to perform maximal anaerobic work, nor 
an) apparent effect upon the improvement m power due to training 
Gelatin does not prevent the development of “staleness” w'hen brief 
work of extreme severit) is repeated daily over a long period of 
time A comparison of the published data of Ra) , ct al wntli that 
of our senes of experiments suggests that the increase in w ork output 
attributed by these ini cstigators to gelatin may also bare been a 
training effect 

Achwzulcdgmcnts Our best thanks arc due to Betty McLaughlin, 
Mar)' Stowell, Helene Sanger and Beatrice Hellebrandt for tlie 
faithfulness with which they "p!a)ed themsehes out” eacli time 
the) rode the bic)cle crgometer, and to Prof Kelso of the School of 
Engineering for his analvses of the discrepancies in work evident in 
the comparison of our observations w ith those of Ray, Tohnson and 
Taylor 
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Further Approach Torvard Control of Spontaneous Cancer of 
Mammary Gland in Mice by Heptyl Aldehyde- 
Sodium Bisulphite 

LeoxellC Strong* (Introduced b> S Bay ne- Jones ) 

J’rom tltf VeiJQTtment of Aixatom^y Tale Vxurcrsitxf School of JlffTicinr 

Evidence has been presented that demonstrates quite com incingly 
that the growtli rate and fate of spontaneous carcinoma of the 
mammar) gland in mice may be significant!) influenced bv hept)l 
aldehyde ' The effect of liquefaction (both partial and in some cases 
complete) together ivith a slower growth rate and complete disap- 
pearance of the tumor mass could be brought about b) the intro- 
duction into the organism of the drug either by the diet or by sub- 
cutaneous injection (at areas remote to the spontaneous tumor) 
One of the limiting factors in the introduction o f the material 

* This experiment lias been made possible by grants from the Anna Puller 
Fund and the Jane Coffin Clnlds hlemorinl Fund for Jtedical Rcsearcli Aeknowl 
edgrments arc also due to Dr B Aueluncloss of Columbia Fniiersitr and to Dr 
F E Greenbnum, Director Pharmaceutieal Research National Drug Company, 
for their kindness in snpplnng the material, heptrl nldchi de sodium bisulphite 
addition compound, used in this investigation 

I Strong, L C Paoc Soc Biou. akd itEu , 1932, SO, 3S0 
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witliout interfering witli the bod) weight or ph)sical condition of 
the mouse 

an inspection of the chart it ma) be seen that there is an in- 
direct correlation between the growth rate of spontaneous tumors 
and the amount of hept-\] aldeli)de-sodium bisulphite addition com- 
pound injected The same large areas of liquefaction were found 
here as w ere obtained b\ the use of heptyl aldehyde alone Complete 
disappearance of some of the spontaneous tumors (6 out of 25 in 
the fifth series) did occur w hen the level of 6 ntg per day w as reached 
There hai e been no recurrences m these cases and the mice are h\ ing 
in normal health at the present time 

A mouse, in wdiich a large tumor is breaking dow p and being 
eliminated is in a critical stage Some pf them die duning this 
process primarily by*hemorrhage from the surface of the tuipoii. 
This untoward result may be prevented b\ (1) clipping tjhc hair^ 
o\er the tumor, (2) a periodic bathing of the tjumdr jn 70% alcohol, 
(3) a drainage b) sterile puncture and ( 4 ^) packing a ^elicate or 
thin later of sterile cotton over a potential ‘ break' in the surface of 
tl\e tumor So far the largest tumor that has completel) regressed * 
m this series on the chemotherap) of cancer w as one that measured 
1 5 cm m longest linear diameter 

Hept)l aldch) dc-sodium bisulphite addition compound has the 
further adtantage otcr hcpt)l aldehtde alone b\ the fact that local 
ulceration is considerabl) reduced 

ENperiments w ith other scries of mice receu ing larger dail) doses 
of hept)l aldch) dc-sodium bisulphite addition compound arc being 
done. 
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prepared distilled water solutions of heptjl aldeh)de-sodium bisul- 
phite addition compound The mice were divided into 5 groups 
depending upon the amount of the addition product they received 
dad} The first group of 5 mice received 2 mg of the material dis- 
solved m 0 20 cc of distilled water, the second group of 5 mice, 
3 mg III the same amount of w’ater , the third group of 15 mice, 4 mg, 
the fourth group of 25 mice, 5 mg, and the fifth group of 25 mice 
6 mg The growth rates of the tumors in die \arious experimental 
groups are compared wuth that for the tumors of 120 control mice 
of the same strain m Qiart 1 

All injections were done at sites remote to the spontaneous tumors 
The variable factors mvohed in the tolerance to, and the phjsiologi- 
cal effect of the drug are (1) age of the mouse, (2) body weight, 
(3) phjsical condition of die mouse, (4) size of the tumor, and 
(5) individual peculiarities of both the mouse and certain tumors 
The dosage administered to each mouse was carefull} determined 
each da} and was altered according to the above Aariable criteria 
The idea used throughout was to inject the ma\imum effectne dose 



S I 2 3 4 5 6 7 6 9 10 11 1 2 1 3 I 4 I 5 1 6 1 7 18 


Chart 1 presontB data obtained on the groni;h rate of spontaneong tumors of the 
mammarr gland m mice on (a) 120 control mice (heavy Bobd line) , (b) 6 mice 
receiving 2 mg per day heptyl aldehyde godinm bisulphite addition product (bght 
solid line) , (c) 6 mice receiving 3 mg doily of the same drug (short dash line) , 
(d) 15 mice receiving 4 mg per day of the same drug (long dash line) , (e) 26 
race getting 6 mg per day (soUd ball and solid line) , and (f ) 25 mice getting 6 
mg per day (dot and broken bne) 
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■vMthout interfering nith the bod} eight or ph}Sical condition of 
the mouse 

B} an inspection of the chart it ma} be seen that there is an in- 
direct correlation bet\seen the growth rate of spontaneous tumors 
and the amount of hept\l aldeh} de-sodium bisulphite addition com- 
pound injected The same large areas of hquefactjon were found 
here as w ere obtained b\ the use of hept} 1 aldeh} de alone Complete 
disappearance of some of the spontaneous tumors (6 out of 25 in 
the fifth series) did occur w hen tlte level of 6 irtg per da} as reached 
There ha\ e been no recurrences m these cases and the mice are In ing 
in normal health at the present time 

A mouse, m w hich a large tumor is breaking dotv p and being 
eliminated is in a critical stage Some of them die durang this 
process pnmaril} b} ‘hemorrhage from the surface of the tpipoi^. 
This untoward result may be prevented b} (1) chppmg ^he ham 
o\er the tumor, (2) a periodic bathing of the tumor jn 70% alcohol, 
(3) a drainage b} sterile puncture and ?4) packing a ^ehcate or 
thin la} er of sterile cotton o\ er a potential ‘'break" m the surface oi 
th,e tumor So far the largest tumor that has completely regressed 
in this senes on the chemotherap} of cancer was one that measured 
1 5 cm in longest linear diameter 

Hept}l aldeh} de-sodium bisulphite addition compound has the 
further advantage o\er heptvl aldeh} de alone b} the fact that local 
ulceration is considerably reduced. 

Expenments w ith other series of mice recen mg larger dail} doses 
of hept\l aldeh} de-sodium bisulphite addition compound are being 
done. 



636 


Effect Heptyl ALDEiFiDE on Cancer 


prepared distilled \\ater solutions of lieptjl a!deh}de-sodium bisul- 
phite addition compound The mice were divided into 5 groups 
depending upon the amount of the addition product they received 
dad} The first group of 5 mice received 2 mg of the material dis- 
solved in 0 20 cc of distilled water , the second group of 5 mice, 
3 mg m the same amount of water, the third group of 15 mice, 4 mg, 
the fourth group of 25 mice, 5 mg, and the fifth group of 25 mice 
6 mg The grow th rates of the tumors m the various experimental 
groups are compared with that for the tumors of 120 control mice 
of the same strain in Chart 1 

All injections w'ere done at sites remote to the spontaneous tumors 
The variable factors involved in tlie tolerance to, and the physiologi- 
cal effect of the drug are (1) age of the mouse, (2) body weight, 
(3) physical condition of the mouse, (4) size of the tumor, and 
(5) individual peculiarities of both the mouse and certain tumors 
The dosage administered to each mouse was carefull} determined 
each da} and was altered according to the aboie lariable criteria 
The idea used tliroughout w'as to inject the maMimim effectn e dose 



Chabt 1 

ni.r.ri 1 T>re*eiits dota obtained on the growth rate of spontaneous tumors of tie 
S mXe on (a) 120 control mice (heavy sohd line), (b) 5 mice 
^S^nfs mg per day heptyl aldehyde-so^nm bi^phite addition product (light 
solid Hno) , (?) 5 mice receiving 3 mg daily of the same dmg (short d^h line) , 
IK VccBlvine 4 mg per day of the same drug (long dash line), (e) SB 
ideVgrt^g 5 day%%d baU and sohd line) , and (f) 26 mice getting 6 

mg per day (dot and brohen line) 
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Production o£ Cirrhosis of the Liver of the Normal Dog by 
High Fat Diets 

I L Ch \ikoff and C L Connor 

Trom ihr DtviKtonx of Ph)istolo<ftl (ind Patholony Untvemtu of Cnlifornia 
School, Drrlclci/ oft/l Son Fronctsco 


f 


During the course of a stud} on the maintenance of the completel} 
depancreatized dog it was observed that cirrhosis of the liver de- 
veloped in 8 of tlie l6'ammals that had been kept alive with insulin 
for periods lietween 2 6 and 5 5 }ears * Infection and obstruction of 
the extralicpatic biic passages were ruled out as factors that might 
have induced the scarring of the liver The animals receiv'ed a diet 
containing lean meat, sucrose bone ash and vitamin supplements 
and despite its completeness with respect to calories, proteins vita- 
mins and salts it has been demonstrated repeatedly that this diet 
induces fatty livers in depancreatized dogs Although it was recog- 
nized that the absence per sc of the pancreas might be involved, it 
was nevertheless suggested that an important causative factor m 
the production of the hepatic fibrosis was the excessive deposition of 
fat which appeared in the liver during tlie first few months after 
pancreatectomy and remained there for long periods 

In view of the importance of the abov'e findings, it seemed highly 
desirable to determine whether cirrhosis could be induced in the 
fatty liver of the normal dog The observations recorded below 
establish for the first time that the continued presence of excessively 
high amounts of fat in the liver for several months stimulates 
hepatic fibrosis ev'cn in normal dogs to the extent that it mav' be 
called a true cirrhosis, and cause the death of the animals 

Experimental Well nourished dogs were selected for use m this 
experiment Throughout the periods of observation they ^ were 
maintained on a high fat diet that contained 10 g of lard and / g of 
lean meat per kilo per dav Thev w ere fed tw ice daily by stomach 
tube when they wmuld not eat at / 00 a m and at 2 30 p m Each 
animal also received once daily 1 g of Cow gill s salt mixture ° 1-5 g 
of bone ash and vitamin supplements in tlie form of cod liver oil and 


a rice bran concentrate 

Four dogs died after being maintained on this diet for 138 246 


•Aided by Fund for Medical Eeaearch 

1 Chaikoff, I le, Connor, C D., and Bisfand, G P , Am J Path , 1938, 14, 101 
sCowgill, G K,J Biol Chem 1923, WJ, 725 
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298, and 386 dajs The livers of 3 of these animals showed a severe 
diffuse fibrosis and in all of them a severe fatty infiltration Was 
observed A typical protocol follows 

Dog F41 was placed on the high fat diet on November 29, 1938, 
and died December 20, 1939 Its weight at the start as 1 1 2 kg and 
at death 12 8 kg It attained a maximum weight of 16 5 kg during 
the course of the experiment The liver weighed 695 g It was 
uniformly green in color, firm and rubbery in consistency It cut 
with resistance and was lobulated on the surface 

Microscopically (Figs 1 and 2) the liver showed marked fibrosis 
and a fatty infiltration The liver cords were broken up into frag- 
ments and in no place had the original pattern of the hver been re- 
tained Fragments of cells were found between proliferating strands 
of connective tissue that were growing in all directions but had no 
particular distribution with respect to portal areas or central vems 
Blood sinuses w ere engorged and appeared like fibrous walled blood 
vessels rather than sinusoids Some bile duct proliferation had taken 
place but their duct cells were difficult to recogmze because they, too, 
were enmeshed in connective tissue Many plugs of inspissated bile 
were present in large and small masses 

It IS of interest to note that the diffuse character of the fibrosis 
reported here distinguishes this type of cirrhosis from that pre- 
viously described for dogs receiving alcohol,’ although the outstand- 
ing anatomical change preceding the fibrosis m both instances, as w ell 
as in the depancreatized dogs, was severe fatty infiltration of the hver 
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Immediate Generalized Skin Reactions m Hypersensitive 
Guinea Pigs • 

J L Jacobs (Introduced by V Menkin ) 

From the Department of Pathology and Bacteriology, Tufts College Medical School, 

Boston, Mass 

Immediate generalized skm-reactions following contact wuth or 
ingestion of allergens have been obsen^ed in humans but not hith- 
erto in animals, although Dienes and Simon’ reported a generahzed 

3 Connor, C L , and Chaikoll, I L , Pkoc Soc Evp Biol alt) Mm , 1938, 
30, 356 

* This inveshgabon iras aided by a grant from the Charlton Eescarch Ihmd 
of the Tufts College lledical School 

1 Dienes, Ij. and Simon, F A , r Immunol , 1935, 28, 321 
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298, and 386 days The livers of 3 of these animals showed a severe 
diffuse fibrosis and in all of them a severe fatty infiltration Was 
observed A typical protocol follows 

Dog F41 was placed on the high fat diet on November 29, 1938, 
and died December 20, 1939 Its weight at the start was 11 2 kg and 
at death 12 8 kg It attained a maximum weight of 16 5 kg durmg 
the course of the experiment The liver weighed 695 g It was 
imiformly green m color, firm and rubbery m consistency It cut 
with resistance and was lobulated on the surface 

Microscopically (Figs 1 and 2) the liver showed marked fibrosis 
and a fatty infiltration The liver cords were broken up into frag- 
ments and m no place had the original pattern of the liver been re- 
tained. Fragments of cells were found between proliferatmg strands 
of connective tissue that were growing in all directions but had no 
particular distribution with respect to portal areas or central veins 
Blood sinuses were engorged and appeared like fibrous walled blood 
vessels rather than sinusoids Some bile duct prohferation had taken 
place but their duct cells were difficult to recognize because they, too, 
were enmeshed m connective tissue Many plugs of inspissated bile 
were present m large and small masses 

It is of interest to note that the diffuse character of the fibrosis 
reported here distinguishes this tvpe of cirrhosis from that pre- 
viously described for dogs receiving alcohol,’ although the outstand- 
ing anatomical change preceding the fibrosis in both instances, as well 
as in the depancreatized dogs, was severe fattj' infiltration of the liver 
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Immediate Generalized Skin Reactions in Hypersensitive 
Guinea Pigs * 

J L Jacobs (Introduced by V Menkin ) 

From the Department of PathoJogy and BactenoXogy, Tufts CoXXege iledicaX School, 

Boston, Mass 

Immediate generalized skin-reactions following contact with or 
ingestion of allergens have been obseiw^ed in humans but not hith- 
erto in animals, although Dienes and Simon'^ reported a generalized 

3 Connor, C L , and Chaikoff, I L , Peoc Soc Exp Bion aot Med , 1938, 
»9, 35G 

* This investigation was aided by a grant from the Charlton Eesearch Fund 
of the Tnfts College Medical School 

1 Dienes, L and Simon, F A , J Immunol , 1935, 28, 321 
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delayed reaction in guinea pigs treated uith human serum No 
obser\ations of generalized skin-reactions m animals, due to simple 
chemical substances, hare been noted in the literature It seemed 
of interest, therefore, to report recent observations of such effects in 
a number of guinea pigs sensitized to citraconic anhydride, together 
with the sensitization of guinea pigs to new anhydrides having 
similar properties 

The animals uere rendered h\persensitiAe to citraconic anhy- 
dride b> a method previously described" and a\ ere tested by scratch- 
ing the skin through a 25% dioxane solution of the same substance, 
usually at intervals of 2 ueeks 

It Avas regularl} observed that the more hj'persensitn e the guinea 
pig the quicker the onset of the reaction Animals dei’elopmg gen- 
eralized reactions showed within a rery few minutes a large local 
wheal and en-thema surrounding the scratch, often several centi- 
meters in diameter At the same time in both contiguous and remote 
parts of the skin some pigs showed a diffuse pinkishness apparently 
accompanied by slight thickening, while others exhibited discrete, 
urticaria-hke wheals with distinct delation and pinkness Often 
some of the old mjection-sites on the back flared up at the same time, 
with marked W'heal- formation The erydhema reached a maximum 
20 to 30 minutes after the test, folloiving which it gradually faded 
Edema associated witli reactiiated sites and other lesions distant 
from the original scratch increased for about 2 hours and then also 
diminished By the next day all such subsidiary reactions had com- 
pletely disappeared In striking, possibly significant contrast to 
this, the reaction m the vicinity of the scratch after receding to a 
minimal color and edema in 4 to 5 hours, gradually' increased in 
pinkishness and induration to a second maximum reached about 24 
hours after the test This secondary or delayed reaction at the original 
site slow ly disappeared in the course of several more days At no 
time were there any' definite sy'mptoms of anaphy'laxis although 
coughs and shivering w'ere occasionally obseri'ed The mechanism 
of these effects requires further study 

These phenomena invite comparison with the occasional severe 
generalized sain-reactions from drugs obseri'ed m humans Prac- 
tically ail guinea pigs treated ivith citraconic anhydride become 
hy'persensitive but in our experiments only' 6 out of 61, about 10%, 
gave generalized reactions Other pigs less strongly sensitized, 
however, produced similar but le ss intense reactions, the subsidiar y 

2 Jacobs, J L, Golden, T 8 and Kelley, J J, Psoc 8oa Esp 
JJzD , 1040, 43, 74 
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lesions being fewer in number and not present on areas far from the 
scratch Unsensitized control animals were quite negative 

In small-scale experiments with 2 new substances, maleic and 
acetic anhydrides, using the same technic as with citraconic anhy- 
dride,'^ extensive immediate wheal-and-erythema reactions were 
produced, with subsidiar}' reactions in some cases With maleic 
anhydride such isolated reactions appeared man}”^ centimeters from 
the site of scratch It would seem profitable to examine, on a larger 
scale, the capacity of these compounds to produce generalized reac- 
tions 

Excellent sensitization-effects have been produced by the same 
method with a third substance, propionic anhydride, using patch-tests 
with a 25% dioxane solution Scratch-tests, however, did not yield 
definite wheal-and-erythema reactions, which is interesting m view 
of the close chemical relationship between this compound and acetic 
anhydride 
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Solubility of Fluorosed Enamel and Dentine 
T F VoLKER* (Introduced by H C Hodge) 

From the Department of Biochemxstry and Pharmacology, Universtty of Bochester 
School of Medicine and Dentistry, Bochester, N T 

The reduction of caries incidence m humans and rats ingesting 
fluorine may be the result of a decreased acid solubility due to the 
incorporation of fluorine in the dental tissues Support for this 
belief IS apparent in the finding of more fluorine in caries-resistant 
than carious enamel and dentine If this assumption is correct, we 
might expect the greatest reduction in acid solubility in the enamel 
and dentin from mottled teeth since it has been shown that these 
teeth contain the greatest amounts of fluorine ^ 

The acid solubility of normal and fluorosed rat teeth was studied 
The upper incisor teeth were used in all cases The fluorosed human 
teeth were obtained from areas where dental fluorosis is en- 
demic and showed a mild degree of “mottling” The fluorosed rat 
incisors represented nere of 2 grades, (1) mild, produced by a diet 

* Carnegie Dental Fellow 

1 Armstrong, W D , and Brekhns, P J , J Dent Bee, 1938, 17, 339 

2 Armstrong, W D , and Brekhns, P 3 ,J Dent Bes , 1938, 17, 27 
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containing 20 p p m of dietar}' fluorine and (2) srocrc, produced 
b\ a diet containing 300 p p m of fluorine 

The teeth to be tested ^\ere powdered to pass a 100 mesh screen 
Separation and purification of the enamel and dentin was accom- 
plished by the centnfugation-flotation method ’ Solubilities of the 
fluorosed and normal samples were compared by measuring the 
weight losses of duplicate 50 mg samples after definite time intervals 
m 20 cc amounts of 2 M acetic acid/ sodium acetate buffer at pH 4 0 ‘ 
Whenever sufficient amounts of the experimental materials were 
available, measurements were recorded at varying intervals up to 
and including one hour Where the supply of experimental material 
was limited, quadruplicate solubilit}' determinations w ere made at the 
end of one hour 

Results The experimental curves for normal and fluorosed rat 
(300 ppm) and normal human enamels and dentins may be seen in 
Fig 1 Each point represents an average of 3 determinations The 
solubilities of normal human and rat enamel are similar, as are those 


SOLUBILITY OF SO MGS SAMPLES OF TOOTH 
I SUBSTANCE IN 20 CC OF 2M HACy'NAC 


WITH A PH OF 40 IN I HOUR 


N R D 
N KD 



FL - FLUOROSED 
N - NORMAL 
H -HUMAN 
R - RAT 
E -ENAMEL 
D - DENTIN 


TIME IN MINUTES 

Fio 1 


3 JIaaly, 
•« Volkcr, 


IFs and Hodge, H. 0, J Bes , 1939, IS, 138 

J, 'Hiesis, Hmvemty of Eoelicster, Eochestor, N T, 1D39 


SoltjBilit\ of Fluorosed Teeth 
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of normal human and rat dentm In each case the dentin is con- 
siderabh more soluble than the enamel Se\erel} fluorosed rat 
(300 ppm) enamel and dentin ha\e sigmficantlj reduced acid 
solubilities Both the enamel and dentin solubility ^’alues of the 
mildl} fluorosed rat (20 ppm) tissues are comparable to those 
found in the control tissues (27 1 mg of enamel and 37 S mg of 
dentm being lost in one hour) The ^\ eight loss of the mildh 
fluorosed human enamel samples for a one-hour period (26 9 mg) 
closel} approximates that of the normal human enamel (26 6 mg) 
but the fluorosed human dentin shows a decreased solubiht\ (32 1 
mg) when compared w ith normal human dentin (37 8) 

Cpiiiment The findings indicate that the fluonne content of the 
tooth modifies its solubility" Tins is nof surprising since the presence 
of fluoride decreases the solubility ot related calcium phosphate ° 
Fluorosed rat enamel (300 ppm ) contaming 125% fluonne was 
less soluble than normal rat enamel contaming 008% fluorine ® 
Parallels are also noted w ith fluorosed rat dentin ( 300 ppm) 
haring ^5% fluorine and normal rat dentin hanng onlj 01% 
fluorine' and with fluorosed human dentin hanng 07%’ fluorine 
and normal human dentin having only 017% fluonne" The in- 
ability to demonstrate any reduction m solubility of mildly fluorosed 
human enamel and rat enamel and dentin (20 ppm ) may be ex- 
plained b} tile low fluorine content of these tissues 

Conclusion The presence of fluonne m large amounts ma} de- 
crease the solubility of the dental hard tissues Small amounts of 
fluorine show' no demonstrable reduction in enamel solubility It 
seems doubtful that the amounts of fluorine present m slightly 
fluorosed teeth is sufficient to alter their acid solubility 

The kindness of Drs G J Cox, H C Hodge and S B Finn in 
supplying the rat teeth and Dr W Armstrong m supplynng the 
human teeth used in this study is acknow ledged 

5 Jlnclntire, tv H., annd Hammond, J tV,/n(? and Eng Cftom , 1930, SO, 160 
c Hodge, H. C , Lnce Clausen, E M , and Hroum EE,/ A'utnlion, 1930, 
17, 333 

r Bowes, J H , and Mnrrr, M M , Cnt Dent J 1936, po, 556 
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Preparation and Immunological Properties of Acid -Denatured 

Egg Albumin * 

Catherine r C AI \cPherson and Michael Heidelberger 

rront the nc]mrtmcnt<i of Bioehcimsiry and Medicine, Cotlegc of Physiciaiit and 
Surgeons-, Coliimhta Utiner^lli/, and the Prcxlyterian Hospital, Hew Tort City 


•\qucnus solutions of 3 times rccrjstallized Ea were allowed to 
stand at room temperature for 1 to 2 da) s with HQ betw'een pH 1 5 
and 2 3 Depending upon the aciditj from 25 to 75% of the Ea 
was denatured The DnCa was precipitated bj adding NaOH until 
the isoelectric range pH 5 2 to 5 4, was reached Three additional 
reprecipitations usualh sufficed to remove unchanged Ea The pre- 



Fig 1 

Precipitation of Anti DnEa and Anti Ea Sera hj DnEa and Ea 
Curve 1 — N precipitated from anti PnEa by DnEa The Ea anti Ea curve la 

similar i , -r-. -i-. tti 

Curve 2 — N precipitated from anti PnEo by Ea 

Curve 3 — N precipitated from anti Ea by PnEa Snpemntants m this senes 

remained opalescent ^ . j -a 

Sera compared at appro ximately eqnni antibody -content 

r^^^”^ibnmIn7nFacId~denatnrede^ nlbnmm are subsequently referred to as 
Ea and DnEa respectively This note is from a dissertation to be submitted by 
Catherine MaePherson in partial fulfiUment of the requirements for the degree of 
Doctor of Philosophy In the Faculty of Pure Science, Columbia University 


ACID-DE^ATURED EgG AlBUMIN^ 


6+7 


cipitate was dispersed in water dissohed at pH 7, and allow'ed to 
stand m the cold for 4 to 5 days after which it was more stable to 
phr siological concentrations of NaCI Reversion to Ea did not take 
place 

Three preparations which differed in appearance and solubilitj m 
w ater at pH 7 w ere found to remove, per mg of DnEa N, the same 
amount of N from a calibrated anti-DnEa senun 

The reaction bet^^ een DnEa and its homologous antibody is sim- 
ilar to that betw een Ea and anti-Ea ' The cross-reactions beh\ een 
anti-Ea and DnEa and between anti-DnEa and Ea differ greatl}^ 
from both homologous reactions and from each other, as shown in 
Fig 1 

A study of the chemical and ph} sical properties of Ea denatured m 
various w^a) s and a correlation of tliese properties with the immuno- 
logical findings IS now in progress Previous w'ork m this field ap- 
pears to have been confined to a preliminary note by Wu, TenBroeck, 
and Li,' the studies of Flosdorff and Chambers’ and Blumenthal,* 
and the w'ork of Porter and Pappenheimer,’ and Landstemer and 
Rothen" on surface-films 

1 Heidelberger, iL, and Kendall, F E , .T Exp Heel , 1935, C2, 697 

- Wu, H , Ten Broeek, G , and la, C P , Pnoc Soc E33> Biou and Mr.n , 1920 7, 
24, 472 

spiosdorff, E tv , and Chambers, L H., J Immunol , 1935, 28, 297 

•» Blumenthal, D , J Biol Chem , 1936, IIS, 433 

0 Porter, B P , and Pappenbeimer, A. M , Jr , J Exp iled , 1939, 60, 755 

0 Landstemer, K , and Eothen, A , Science, 1939, OO, 05 
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Preparation and Immunological Properties of Acid -Denatured 

Egg Albumin * 

Catheriise F C AIacPherson and Michael Heidelberger 

Ftom the VciHirtment^ of BinrhimtKtni and Medicine, College of Physicians and 
SiiTijcons, Cohtmiia Unnerstlii and the Prcshylcnan Hospital, Xew TorL City 

A.(jueous solutions of o tunes recr^^stallizcd Ea uere allowed to 
stand at room temperature for 1 to 2 dajs with HCl between pH 1 5 
and 2 3 Depending upon the acidity, from 25 to 75% of the Ea 
was denatured The DnEa was precipitated hj adding NaOH until 
the isoelectric range pH 5 2 to 5 4, was reached Three additional 
reprecipitations usualh sufficed to remove unchanged Ea The pre- 



rag lA-ntigen N added 
Fia 1 

Preoipitahon of Anti DnEa and Anti Ea Sera by DnEa and Ea 
Curre 1 — N precipitated from anti DnEa by DnEa The Ea anti Ea carve la 

sunilar 1 ,, t:- 

Curve 2 — N precipitated from anti DnEa by Ea 

Cnrye 3 — n precipitated from anti Ea by DnEa Supernatants in this senes 

remained opalescent 

Sera compared at approximately equal antibody-content 


. Egg albnmin and acid denatured egg albumin are subsequently referred to as 
Ea and DnEa respectively This note is from a dissertation to be submitted by 
Catherine MaePherson in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy in the Faculty of Pure Science, Columbia Umversity 


Purification Equine Encephalomtelitis Virus Protein 649 

This IS spun 15 minutes at 15,000 g and the supernatant fluid diluted 
to 30 cc Erom this rolume the protein is sedimented at 67 000 g 
for 30 minutes The 2 pellets are dissolved m 1 5 to 3 cc of Ringer’s 
solution pH 9 0 depending on yield 

The character of the product with respect to homogeneit} can be 
judged by the photometric tracing m Fig 1 Practically all of the 
normal chick component" is eliminated m the first ultracentrifugal 
cycle and no evidence of it has been observed after the second cycle 
Similar loss of colloid occurs in the process of filtration and in the 
first and second ultracentrifugal cycles 

Only slight loss of mfectivity occurs m filtration, and no evidence 
IS seen of damage to the protein by' short exposure to pH 6 5 Pre- 
cipitated at pH 6 5 the purified protein redissolves to its initial homo- 
geneity and mfectnity Acidification facilitates sedimentation and 
separation of the protein from the normal cluck component m the 
first relatn ely low speed cy cle and greatly increases the final y leld of 
the homogeneous product, ca 0 4 mg per gram of diseased embry'o 



Fig 1 

Photometer curves from sedimentatiou diagrams of a typical preparation of 
Eastern strain equine eneeplialomyehtis vims protein purified by the method 
described The protem concentration vras 1 8 mg per cc, the interval behreen 
curves 6 minutes and the ultracentrifugal field 17,000 g 
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Improved Sequence for Rapid Consistent Purification of E^quine 
Encephalomyelitis Virus Protein * 

A R Tavlor, D G Sharp, Harold Finkelstein, Dorothy 
Beard and J W Beard 

From ihe Department of Surgery, Dutc Vnivemty Schoot of Medicine, 
u. , Durham, X C 


The procedure described here for purification of equme encephalo- 
mj'ehti^s virus protein^ yields consistently a product of high molecular 
homogeneity Advantage is taken chiefly of the following principles 
(1) prolonged extraction to aid in eliminating the normal chick 
tissue component," (2) extraction, fractionation and solution of the 
protein in a balanced salt solution, mammalian Ringer,’ instead of 
0 9% NaCl or buffer salt solutions, (3) filtration of crude extracts 
witli cehte to remove mucoid and colloid materials, and (4) aggre- 
gation or partial precipitation of the protein m slightly acid medium 
prior to the first ultracentnfugal cj’cle 

Diseased embrj'o tissue ground in tlie cold in ^the usual wav," is 
suspended in 4 times its volume of normal Ringer s solution made to 
pH 9 0 with NHiOH without buffer salts After extraction at 5°C 
for 72 to 96 hours, gross material is eliminated in the angle centri- 
fuge To each 100 cc of the turbid supernatant fluid, 5 g of No 512 
Cehte Filter Aid ( Johns-iManville Co , N Y ) are added and the 
suspension is filtered with suction through a 1 to 2 mm mat of No 
503 Cehte Standard cehte then added to the filtrate, 2 g per 100 cc, 
IS filtered off through a mat also of standard cehte Sometimes the 

latter step is repeated to obtain an 

The filtrate is acidified to pH 6 5 vith 0 2 N HCl, and 120 cc of 
It distributed immediately m 8 collodion tubes is spim at 17,000 g for 
45 minutes The pellets are taken up m 30 cc of Ringer s solution 
In 2 tubes, the solution is spun at 17,000 g for 5 minutes The super- 
natant fluid diluted to 60 cc is ultracentrifuged 30 minutes at 67,000 
g and the resulting pellets are taken up in 15 0 cc of Rmger fluid 
Besearchl^nd and by 

from Lcderle Lnborntone., Pearl River, New York 

“iTvlor, A E, Sharp, D G, Finkelstein, H., and Beard, J W Proc Soc 

Exp Biou and Med , 1989, 42, 462 , „ , 

2 Sharp, D G, Taylor, A. E , Pinkelstem, H, and Beard, J W, Proc Soc 

Exp Biol and JIed, 1939, 42, ^6^ 

SBayliM, "W M, Frinciptes of Thysiology, Longmans, Qreep and Go, Ltd, 
London, 4th ed , page 211 



PbRIFIC\TION EqI. INE ExCEPHAiOM’iELJTIS ViRUS PrOTEIX 649 

This IS spun 1 5 minutes at 1 5,000 g and the supernatant fluid diluted 
to 30 cc From this ^olume the protein is sedimented at 67 000 g 
for 30 minutes The 2 pellets are Assoh ed m 1 5 to 3 cc of Ringer’s 
solution pH 9 0 depending on } leld 

The character of the product uitli respect to homogeneit} can be 
judged bj the photometric tracing in Fig 1 PracticalK all of the 
normal cluck component* is eliminated in tlie first ultracentrifugal 
cjcle and no e\ndence of it has been obsen^ed after the second cjcle 
Similar loss of colloid occurs m the process of filtration and m the 
first and second ultracentrifugal cjcles 

Onh slight loss of infecti\it} occurs m filtration, and no eridence 
IS seen of damage to the protein b> short exposure to pH 6 5 Pre- 
cipitated at pH 6 5 the purified protein redissoh es to its initial homo- 
geneiE and mfectnin Acidification facilitates sedimentation and 
separation of the protein from tlie normal chick component m the 
first relatn eh low speed c% cle and greath increases the final \ leld of 
the homogeneous product ca 0 4 mg per gram of diseased embno 



Fig 1 

Photometer cnrres from sedimentation diagrams of a trpical preparation of 
Eastern strain equine encephalomTelitis vims protein purified by the method 
described The protein concentration ivas 1 8 mg per cc, the mterval betvreen 
cnrres 5 mmntes and the ultracentrifugal field 17,000 g 
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Improved Sequence for Rapid Consistent Purification of E)quine 
Encephalomyelitis Virus Protein * 

A R TavloRj D G Sharp, Harold Finkexstein, Dorothy 
Beard and J W Beard 

From the Department of Surgery, Duhc Untvcrsiiy School of Medicine, 

^ - Durham, X C 


The procedure described here for purification of equine encephalo- 
mj'ehtts virus protein' yields consistently a product of high molecular 
homogeneity’ Ad\ antage is taken chiefly of the following principles 
(1) prolonged extraction to aid in eliminating the normal chick 
tissue component," (2) extraction, fractionation and solution of the 
protein in a balanced salt solution, mammalian Ringer,* instead of 
0 9% NaCl or buffer salt solutions, (3) filtration of crude extracts 
with celite to remove mucoid and colloid materials, and (4) aggre- 
gation or partial precipitation of the protein m slightly acid medium 
prior to the first ultracentnfugal Q’cle 

Diseased embryo tissue ground in the cold m the usual way ,* is 
suspended in 4 fimes its volume of normal Ringer s solution made to 
pH 9 0 with NH<OH without buffer salts After extraction at 5°C 
for 72 to 96 hours, gross material is eliminated m the angle centri- 
fuge To each 100 cc of tlie turbid supernatant fluid, 5 g of No 512 
Celite Filter Aid ( Johns-Manville Co , N Y ) are added and the 
suspension is filtered with suction through a 1 to 2 mm mat of No 
503 Celite Standard celite then added to the filtrate, 2 g per 100 cc, 
IS filtered off through a mat also of standard celite Sometimes the 
latter step is repeated to obtain an entirely dear filtrate 

The filtrate is acidified to pH 6 5 mth 0 2 N HCl, and 120 cc of 
It distributed immediately m 8 collodion tubes is spun at 17,000 g for 
45 minutes The pellets are taken up in 30 cc of Ringer’s solution 
In 2 tubes, the solution is spun at 17 ,000 g for 5 minutes The super- 
natant fluid diluted to 60 cc is ultracentnfuged 30 minutes at 67,000 
g and the resulting pellets are taken up in 15 0 cc of Ringer fluid 

aidk by "the Dorothy Beard Eeseirchl’iuia and by~a grant 

from Lcderle Lnboratones, Pearl B^er, New York 

1 Taylor, A B, Sharp, D G, PlBkelstein, H, and Beard, J w Paoc Soo 
Bxp Biol axd Med , 1939, 43, 462 

2 Sharp, D G, Taylor, A B, Fiakelatein, H, and Beard, J W , Pace Soa 

Exp Biol AND Med , 1939, 43, 469 

sBayhss, W M., Principles of Physiology, Ixingmans, Greep and Cc , Ltd, 
London, 4th ed., page 211 



Purification' Equine Encephalomyelitis Virus Protein 649 


This IS spun 15 minutes at 15,000 g and the supernatant fluid diluted 
to 30 cc From this i olume the protein is sedimented at 67,000 g 
for 30 minutes The 2 pellets are dissolved in 1 5 to 3 cc of Ringer’s 
solution pH 9 0 depending on yield 

The character of the product with respect to homogeneity can be 
judged by the photometric tracing in Fig 1 Practically all of the 
normal chick component' is eliminated in tlie first ultracentrifugal 
cycle and no evidence of it has been observed after the second cycle 
Similar loss of colloid occurs in the process of filtration and m the 
first and second ultracentrifugal cycles 

Only slight loss of mfectivity occurs in filtration, and no evidence 
IS seen of damage to the protein by short exposure to pH 6 5 Pre- 
cipitated at pH 6 5 the purified protein redissolves to its initial homo- 
geneity and mfectivity Acidification facilitates sedimentation and 
separation of the protein from the normal chick component m the 
first relatn elj low speed cj cle and greatl} increases the final y leld of 
the homogeneous product, ca 0 4 mg per gram of diseased embryo 



Fio 1 

Photometer curves from sedimentation diagrams of a typical preparation of 
Eastern strain equine encephalomyelitis virus protein purified by the method 
described The protein concentration ivas 1 8 mg per cc, the interval betiveen 
curves 6 mmutes and the ultracentrifugal field 17,000 g 
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tissue In Ringer s solution, at a protein concentration of 1 to 1 5 
mg per cc, infectivitj does not diminish within 7 da3's at 5°C and the 
sedimentation pattern is unchanged for periods of se\eral weeks 
In 0 9fo NaCl or Ringer-buffer salt solution (NHiOH-NHiCl, 
0 05 M ) , how e^ er the protein loses much in f ectn ity m 96 hours In 
the latter solution the boundary maj remain intact for 3 weeks when 
infectivit) has diminished 6 decimal dilutions or more 
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Immunization ivith Non-Infectious Formalin Derivative of 
Purified Equine Encephalomyelitis Virus Protein * 

D G Sharp, A R Taylor Harold Finkelstein, DoROXH'i 
Beard and J W Beard 

From the Department of Surgery, Dulc University School of Mcclirine, 
Durham, K C 


Previous ultracentrifugal studies* of crude equine encephalo- 
myelitis chick vaccines- have failed to yield definite evidence of the 
character of the immunizing principle Information concerning its 
probable nature has been sought in the present w'ork by study of tlie 
purified virus protein treated w'lth formaldehyde 

Purified protein (Eastern strain),’ dissolved m Ringer’s solution, 
dH 8-9, 2 0 mg per cc, w as treated w ith various concentrations of 
CH-0 ' Before exposure to CHjO, one m i u * of protein was lO**” 
g \Vhen the concentration of CHjO was less than 0 01 M, inactn'a- 
tion was not always complete m 2 wrecks, and tests for immunizing 
capacity were not made With other concentrations of CH=0 used, 
inactivation was complete m the time showm m Table I, as judged by 
the failure of IQ-’’ g of protein to infect mice 

The effect of CH-O on the protein molecules w as somewhat similar 


r-nT,i„ „ork was from Lederle Laboratories, Pearl Elver, 

N aad from The Dorothy Beard Research IW 

I Taylor, A E, Sharp, D G, Finkelstein, H, and Beard, J W, Psoc Soa 

C,andWyckoff,E W G, 

A E., Sharp, D G, Finkelstem, H, Beard, D, and Beard, 

, and outsky, P K., F Med, 1936, 68, 746 


, Science, 


J W, 
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TABLE r 

Immunization of Guinea Pigs ivith tlie Non Infections Eormaldeliyde treated 
Equine Encephalomyelitis Virus Protein 


CH 20 

molar 

Inactivation 

time, 

days 

pH 

Total protein* 
per guinea pig, 
mg 

Test for immunity t 

f 

Vaccinated 

Control 

01 

7 

7 0 

125 

3/3t 

0/5 




250 

6/6 

1 1 

02 

4 

G 6 

125 

4/4 

y) 




250 

5/6 

t y 

04 

3 

G 3 

125 

3/4 

} y 




260 

4/6 

yy 


"Given subcutaneously in 2 equal doses in 0 1 cc at interval of 1 iveek, 
1500 to 1,000 mouse infectious units of virus given Intracerebrally 
tNumerator = sun-ivals, denominator = No of test guinea pigs 


to Its action on tobacco mosaic virus protein “ With CHoO 0 01 M 
or less, the protein remained in solution but lost slightly m homo- 
geneit}, showing a slightly diffuse boundary with a sedimentation 
pattern similar to that of the untreated protein® persisting witli little 
change for more than 3 weeks In 0 02 M and higher concentrations 
of CH 2 O, the protein rapidly became quite inhomogeneous and in- 
creasingly insoluble losing the definite boundary in 2-4 days In no 
instance was there evidence of molecular disruption to small soluble 
protein fragments of uniform size, nor was there evidence of the 
component S^n'^ = ca 60 x lO'^® cm sec"' dynes"' previously de- 
scribed * 

The non-infectious soluble though slightly inhomogeneous pro- 
tein derivative with 0 01 M CH-O has immunized all guinea pigs 
receiving it as shown in the typical experiment in Table I The 
more inhomogeneous fragments resulting from 0 02 M and higher 
concentrations of CH^O definitely immunize less well 

The results show that the immunizing material derived with 
CH-O from the pure protein consists of an inhomogeneous group of 
degradation products nearly the size of the intact protein or somewhat 
smaller With time, as the CH;0 reacts with the protein there is a 
progressive increase in mb omogeneit} and insolubility of the 
products when the pH is allowed to drop from the initial value of 
8-9 to pH 7 0 to 6 3 as is shown m Table I It is probable that the 
immunizing material derived with CHjO from the Mrus m crude 
vaccines is of the same nature and this probability has been empha- 

'Wiotoff, K W G, Biscoe, T, nnd Stnniei, W M, / Biol Clicm , IQS", 
117, 57 

n Beard, J FinkcWom, H, Scnh, W C , and 'nvcKofif, E W G, Science, 
inss, 87, 89 
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tissue In Ringer’s solution, at a protein concentration of 1 to 1 5 
mg per cc, infectivitj does not dimmish witliin 7 da)'s at 5°C and the 
sedimentation pattern is unchanged for periods of scYcral Meeks 
In 0 9% NaCl or Ringer-buffer salt solution (NHiOH-NHiCl, 
0 05 M) , how e\ er the protein loses much infectivity m 96 hours In 
the latter solution the boundary maj remain intact for 3 weeks when 
infectivit} has diminished 6 decimal dilutions or more 
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Immunization with Non-Infectious Formalin Derivative of 
Purified Equine Encephalomyelitis Virus Protein * 

D G Sharp, A R. Taylor Harold Finkelstein, Dorothy 
Beard and J W Beard 

From the Department of Surqem, Dale Umvcrtity Sehool of Metfiniw, 
Durham, N C 


Previous ultracentrifugal studies* of crude equine encephalo- 
myelitis chick vaccines' have failed to yield definite evidence of the 
diaracter of the immunizing principle Information concerning its 
probable nature has been sought m the present w ork by study of the 
purified virus protein treated with formaldehyde 

Purified protein (Eastern strain),’ dissolved m Ringer’s solution, 
pH 8-9, 2 0 mg per cc, w'as treated w ith various concentrations of 
CH-O ' Before exposure to CH-O, one m i u * of protein was KF*’ ‘ 
g When the concentration of CH:0 w-as less than 0 01 M, inactiva- 
tion was not alwa>s complete m 2 weeks, and tests for immunizing 
capacity were not made With other concentrations of CH=0 used, 
inactivation was complete m the time show-n m Table I, as judged by 
the failure of 10-” g of protein to infect mice 

The effect of CH-O on the protein molecules w as somewhat similar 


•This TVork vnfl supported by a grant from Lederle laboratories, Pearl River, 
v T and by aid from The Dorothy Beard Beseareh I^d 

1 Taylor, A B , Sharp, D G , Finkelstein, H , and Beard, J W , Peoc Soc 

^Berrd,TV^’nkeMOT,V SealT, W C, and Wychoff, E W G , Scenee, 

^^^^T^vlof^A B., Sharp, D G, Pinkelstem, H., Beard, D, and Beard, J W. 

Prot Soa etp Broi,. xsd Meo, 1940, 43, 648 

wd Obtsky, P K., ,1 1936, 63, 745 



Water-Sollble Antiiiemorriiagic Compounds 653 


viousI}° an activit} ratio of 1 1000 and even of 1 4000, \\hen an es- 
pecial!) purified sample of synthetic phthiocol was used 

As already mentioned, methylnaphthoqumone in an aqueous 
medium is being employed clinically for intravenous medication 
Aqueous or physiologic salt solutions containing 1 mg in 10 ml 
appear to be stable when kept m a refrigerator, and methylnaphtho- 
hydroquinone is e\en more soluble (3 to 4 times) m water Recently 
Dann’ found that oil solutions are rough!) 3 times as actne as 
aqueous ones Our assa)s (Table I) show that methylnaphthoqui- 
none, when administered orally, is about twice as potent in water as 
m oil, and confirm our previous observation® that the oil, used as a 
medium for administering vitamin K, interferes to a noticeable 
degree with the potency Intravenously the aqueous solution is about 
as active as the oil solution orall) 

The sodium salt of 2-methyl- 1,4-naphthohydroqumone disulfuric 
acid was s)mthesized by Fieser and Fry® who stated that it showed 
antihemorrhagic actnit) at a level of 2/ We found (Table I) that 
this compound has a potenc) of 1 unit m about 25/, and 5y is full) ef- 
fects e in an 18-hour test (Table II) 

Sodium 2-meth)l-l,4-naphthohydroquinone diphosphate was pre- 
pared by Fieser and Fn® and b) Foster, et al The latter authors 
stated that it had an oral effectn eness 1) mg below 2 / Our data (Table 
I) show that this substance has a potency of 1 unit in about lOy, and 
5/ is the minimum fulK effective dose when the test period is pro- 
longed to 18 hours (Table II) Compared with methylnaphthoqui- 
none, this compound is but 1/20 as active The results presented in 
Tables I and II do not agree with those of Foster, et al who ex- 
pressed the opinion that this sodium salt represents probably the most 
acti\ e antihemorrhagic substance know n w hen compared on a molecu- 
lar basis with meth) Inaphthoquinone Furthermore, our obser\ ations 
do not support the speculation of these investigators as to whether 
tlie antihemorrhagic effects of 2-meth)!-l,4-naphthoquinone, of its 
reduced form, and of like substances, are not mediated through a 
phosphoric ester 

We w ish to report on still anotlier water-soluble antihemorrhagic 
compound 2-meth)l-l,4-naphthylene-dioxy diacetic acid It has a 
potency of 1 unit m about 2 mg (Table I), and lOOy is effective in 

0 Fernliob:, E , and Anabacher, S , Science, 1939, 00, 816 
" Dann, F P , Proc Soc Exp Biol and Med , 1939, 43, C63 
s Vnsbacher, S , J Xvtntton, 1939, 17, 303 
0 Fieser, L F , and Frv, E >L, J Am Chem Soc , 1940, 02, 228 
10 Foster, R H K , Leo, J , and Solmssen, U V , / Am Chem Soc , 1940, 
02, 453 
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sized b} the isolation of such a material with a definite, though 
slightly diffuse boundary from crude \accines less than 48 hours old 
(mfectnit} diminished at least 5 decimal dilutions) Older vaccines 
fractionated at pH below 7 0, however, jield materials that show 
only suggestions of a boundarj or completel} diflfuse shadows in the 
sedimentation pattern where boundaries corresponding to this ap- 
proximate particle size should appear 
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Water-Soluble Antihemorrhagic Compounds 
S Ansbacher Erhard Fekmiolz ax'd M A Dolliver * 

From The Sqiiiih Institute for Vcdical Scsearch, A cw Srunswicl, N J 


The interest in a itanim K analogues suitable for parenteral medi- 
cation IS evident from the current literature Usuallj patients with 
hj^oprothrombinemia due to obstructne jaundice receive orally 
vitamin K and bile or bile salts Frequently these latter substances 
are badly tolerated and it seems that the} are not needed, if the 
antihemorrhagic material is administered parenterall} In cases of 
severe hepatic insufficienq^ Mtamin K orall} is apparently not bene- 
ficial but intravenous injections of a vitamin K analogue, such as 
eg 2 -meth)l-l, 4 -naphthoquinone, may be effective in raising tlie 
prothrombin content of the blood, as reported b} Rhoads and 
Fhegelman ^ 

The first sjnthetic antihemorrhagfic substance to be employed 
parenterall} in the clinic w as phthiocol ' ’ Relatn el} large doses 
(50-100 mg) are required, because the potency of this compound is 
small " Fl^in and Warner' determined that phthiocol had but 1/500 
tlie activity of methylnaphthoquinone, and we had reported pre- 
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to stand o^emIght The product was then diluted ivith an equal 
volume of water and 10% hydrochloric acid added until an oil sep- 
arated w'hich soon solidified It w'as remoi ed bj filtration, taken up 
in a 10% sodium carbonate solution, warmed m the presence of a 
decolorizing charcoal, filtered and reprecipitated with dilute hjdro- 
chloric acid A pinkish powder with amp of 204-10° was thus 
obtained It was dissolved in a 10% sodium bicarbonate solution, 
treated three times with decolorizing charcoal and reprecipitated 
from the almost colorless solution witli dilute h}drochIoric acid 
The final product w'as a white powder, nip 217-218°, jield 75 g 
(30%) 

Analysis Calculated for CisHi^Oic C 62 04% , H, 4 86% 

Found C 6138% H 4 92% 

Other w ater -soluble i itamin K substitutes ha\ e been prepared and 
studied chnicall} According to Butt ct al ” the l,4-dih3drox3-2- 
meth)']-3-naphthaIdeh) de of Binkle} and cow orkers’" is effective at a 
level of 10 mg, and Broun^® found that the 2-meth}l— Famino-l- 
naphthol hydrochloride of Dois}"^ and associates®* has a definite effect 
at 5 mg SjTithetic i itamin Ki is practical!) insoluble in w ater It 
has been used by Frank ct al in form of a colloidal suspension in 
glucose and w'as active at 10 mg These data w ould seem to confirm 
the statement by Rhoads and Fliegelman® that ‘‘2-meth} 1-1,4- 
naphthoqumone appears to be the most potent agent for the treat- 
ment of prothrombin deficiencj’’ so far emplo>ed chnicall} ' 

Suiutiiary kleth} Inaphthoquinone or meth} Inaphthohj droqui- 
none is the most active vitamm K compound known It is as 
effective intravenousl} m an aqueous medium as orally m oil solution 
Per os Its potency is greater m w'ater than m oil The phosphate 
derivative is considerabh less actire The sulfate is not as potent 
and not as rapidly absorbed by the organism as the phosphate A 
new' w'ater-soluble vitamin K-actne compound is described 

11 Butt, H. B , Snell, A. iL, Osterberg, A E , and BoUman, J L , Proc Staff 
Meeting Mayo Chn , 1940, 15, 69 

12 Buikley, S B , Chener, L C , Holcomb, W F , MacCorquodnle, D "W , Tbaver, 
S A , and Doisy, E A , 98tb Meeting, Am Chem Soc Boston, Sept 12, 1939 

13 Broun, G 0, 12th Ann Meeting, Central Soc Clin Bes , Chicago, Itov 3 and 
4, 1939 (J Am Med Asxn , 1940, 114, 440) 

14 Boisy, E A, MacCorquodnle, D W , Tharer, S 4 , BinUev, S B , and McKee, 
B W , Nation Acad Sen, Bron-n U Meeting, Oct 23 25, 1939 {Science, 1939, 
no, 407) 

13 Frank, H A , Humufr, A , and Seligman, A M , Veic England J Med , 1939, 
221, 975 
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TABLE I 
Vitnnun K Assays 



Mode of 


Eesponse* 


Substance 

adminis 

trntion 

> 1 unit! 
Vehicle Y 

= 1 unit 

7 

< 1 umt 
Y 

2 methyl 1,4 
naphtlioquinonet 

orally 

i j 

intra\ en 

oil 3/4 

water 1/2 

” i 3/4 

1/2 

1/4 

1/2 

1/4 

1/10 

1/4 

Sodium 2 methyl 1,4 
naphtlioh) droquinone 
diphosplintc 

orally 

” 12 5 

10 

7 5 

Sodium 2 mctlivl 1,4 
naphthohydroquinone 
disulfate 

> f 

” 30 

26 

20 

Phtliioeol 

f f 

capsules COO 

500 

400 

Purified phthiocol 

1 i 

” 22S0 

2000 

1750 

2 methyl 1,4 
naphthylene diorv 
diacotic acid 

1 1 

natcr 2250 

2000 

1750 


*A minimum of tiventv scveroh mtirnm K deficient chicks iras used for each 
dose level 

1 Ansbachor unit (J A''u<n(ion, 1939, 17, 303) 
tMcthylnnphthoquinone or methylnaphthohydroquinone 
^Water or physiologic salt solution 


TABLE IX 

Minimum Effective Boses in 6 and 18 hour Tests 



6 hr 

18 hr 


Substance 

Y 

Y 

Ratio 

2 mcthvl 1,4 naphthoquinone* 

l/2t 

1/41 


l/4t 

l/8t 

j 

Sodium 2 methyl 1,4 naphthohydroquinone 
diphosphate 

10 

5 

2 1 

Plithiocol (purified) 2 methvl 3 hrdrovy 1,4 
naphthoquinone 

Sodium 2 mcthvl 1,4 naphthohydroquinone 

2000 

1000 

2 1 

disulfate 

25 

5 

5 1 

Vitamin K,, 2 methyl 3 phrtyl 1,4 
naphthoquinone 

15 

1 

15 1 

2 methvl 1,4-nnphthTlene-dioiy diacetic acid 

2000 

100 

20 1 


•Metliylnaplithoquinone or metliylnaphtlioliydroqninonc 
tOrallv in oil or intravcnonsly in an aqueous medium 
{Orallv in water 


an 18-hour test (Table II) This substance was prepared in the 
following manner 

To 15 g of 2-methyl-l,4-naphthohydroquinone and 16 3 g of mono- 
chloracehc acid 13 8 g of sodium hydroxide in 350 ml of water was 
added, the mixture refluxed for 6 hours under nitrogen and allowed 
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to stand overnight The product \\as then diluted rMth an equal 
lolume of water and 10% hydrochloric acid added until an oil sep- 
arated which soon solidified It was remoyed by filtration, taken up 
in a 10% sodium carbonate solution, yy armed m the presence of a 
decolorizing charcoal, filtered and reprecipitated with dilute hydro- 
chloric acid A pinkish poyyder yynth a m p of 204-10" yyas thus 
obtained It was dissohed m a 10% sodium bicarbonate solution, 
treated three times yyith decolorizing charcoal and repreapitated 
from the almost colorless solution yyith dilute hydrochloric acid 
The final product y\as a yyhite poyyder m p 217-218^ yneld 7 5 g 
(30%) 

Anahsis Calculated for Ci^HnOie C 62 04% , H 4 86% 

Found C 61 38% H 4 92% 

Other y\ ater-soluble y itamm K substitutes hay e been prepared and 
studied clinically According to Butt tt al ” the 1 4-dihy droxy -2- 
methy 1-3-naphthaldehy de of Binkley and coyy orkers^ is effectn e at a 
ley el of 10 mg and Broun^^ found that the 2-methyl-l-ammo-l- 
naphthol hy drochloride of Doisy and associates'^ has a defimte effect 
at 5 mg S)'nthetic yitamin Ki is practically insoluble in yyater It 
has been used by Frank ct al m form ot a colloidal suspension m 
glucose and yyas actiye at 10 mg These data yyould seem to confirm 
the statement by Rhoads and Fliegelman' that '‘2-methy 1-1 4- 
naphthoqumone appears to be the most potent agent for the treat- 
ment of prothrombin defiaency so far employed climcally 

Simniiary Methy Inaphthoqumone or methy Inaphthohy droqui- 
none is the most actne yatamm K compound knoiym It is as 
effectiy e intray enoush m an aqueous medium as orally m oil solution 
Per os Its potency is greater in yyater than m oil The phosphate 
denwatiye is considerably less actiye The sulfate is not as potent 
and not as rapidly absorbed by the organism as the phosphate A 
neyy yyater-soluble yatamm K-actn e compound is descnbecL 
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Meetina ifat/o Clin 1940, IS, 69 
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B W„ Kation. Acad. Sen, Broim E Meeting Oc* 23 25, 1039 (Science, 1930 ^ 
tM), 407) 

i^Franh H. A., Hunntz, A. and Sdigman, A. M_ Yeie Enaland J iled , 1939 ^ 
221, 975 




656 


11294 

Gonadotropic Response to Subcutaneous and Intrapentoneal 
Injections of Urine Prolan in White Rats 

Felix SuLMAx AND Jo \CHiM Sklow (Introduced by B Zondek) 

From the iMhoratory of the Gyn(ccologiedl Obstetrical Vepartmentf JRothscliild 
Jladassah XJmtersity Hospitalf Jerusalem 


In\ estigations bj Colhp^ and Evans" showed that hypophyseal 
gonadotropic hormone is much more effective by subcutaneous than 
b} intrapentoneal administration With reference to gonadotropic 
hormone denied from pregnant mare serum (PMS), Evans- 
showed that It was just as effective intrapentoneally as subcu- 
taneously Later Pencharz^ demonstrated that intrapentoneally 
PMS was 2 to 3 times more effective than subcutaneously, the degree 
of effectneness, howeier depending upon the number of injections 
As to the effectneness- of intrapentoneal and subcutaneous ad- 
ministration of pregnanci urine prolan, Evans" reported “Preg- 
nane) prolan, which contains no antagomst, is distinctly less effective 
intrapentoneall) than subcutaneously Here the difference seems to 
be due merely to faster absorption by the mtrapentoneal route with 
consequent increased rate of excretion by the kidney or destruction 
b) tlie tissues ” The follow mg experiments are intended to demon- 
strate that, proi ided a certain experimental procedure is used, it is 
possible to make pregnanc) urine prolan develop its full effect also in 
the intrapentoneal route 

For the experiments, 72 infantile female rats, 3-4 w'eeks old and 
weighing 20-30 g were used They received prolan by various 
methods, by a single injection, or 3 times at inten^als of 24 hours or 
6 times during 40 hours, either intrapentoneally or subcutaneously 
Sixti hours after tlie first injection we began taking vaginal smears 
J2 hours, and 120 hours after the first injection the animals 
were killed and tlieir oianes inspected 

Tw o prolan preparations w ere tested m this w ay (1) “Purified 

prolan” (PP) which contained 333,333 RU per g (2) Crude pro- 
lan (CP) which contained 1000 RU per g The results of these 
experiments are show n in Table I 

\s may be deduced from the experiments there is no fundamental 


1 CoUip, Canac? Jiled Assn J , 1936, »4, 458 


2 Evans, H M., Korpi, K, Pencharz, B I, and Simpson, il. E, Univ Calif 
Publ jdfiat t 1936j 1, 23/ 

sPencharx, E L, Phoc Soc Exp Bioi and Med, 1939, 42, 525 
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difference between the effectiveness of purified prolan (PP) and 
crude prolan (CP) We shall onlj compare the results read from the 
estrous reaction (APR I) 

One smgle injection of prolan was approximately 10 times (in 
case No 24 at least 6 times) as effective subcutaneously as intra- 
peritoneally (Nos 2, 6, 20, 24) When, however, the injections were 
given in 3 portions the subcutaneous route was only twice as ef- 
fective as the intraperitoneal one (Nos 9, 10, 26, 27) When the 
same amount of prolan was, however, distributed over 6 injections 
there was no longer any difference between intraperitoneal and sub- 
cutaneous administration (Nos 15 and 32) 

Takmg the corpus luteum reaction (APR III) as a standard al- 
most the same values w’ere obtained and it even seemed that with 6 
mtraperitoneal injections (Cf No 16) the APR III could be pro- 
duced with smaller doses intrapentoneallj than subcutaneousl)' 
Experiments Nos 15 and 32 represent the routme method of 
prolan standardization (Zondek*) m terms of estrous units using 
6 injections If this experimental techmc is adhered to it is there- 
fore irrelevant whether the standardization is performed with sub- 
cutaneous or intraperitoneal injections 

Dtscusston It was possible to verify the results obtained bj 
Evans’ that subcutaneous administration of pregnancy urine prolan 
proved to be more effective than intraperitoneal, provided only 1 to 3 
injections were given When, however, the same amount of prolan 
was given in 6 portions, both methods were equally effective We 
are inclined to attribute these results to the more rapid absorption of 
the hormone from the intraperitoneal deposits, as explained by 
Evans ’ After only one to 3 injections it is very rapidly absorbed 
and its effectiveness considerably impaired Only when using 6 in- 
jections over 40 hours the absorptional conditions in the peritoneum 
become equal to those in the subcutis, so that optimal utilization of 
prolan is possible 

When standardizing small amounts of prolan we had, moreover, 
the opportunity of studying the following phenomenon, w'hich has 
been described for PMS by Hamburger ■’ Distribution of 1 RU of 
prolan ov'er several subcutaneous injections produces a less marked 
gonadotropic reaction than the administration of one smgle dose 
With larger doses, however, this does not hold true This phenome- 
non maj be explained bj the fact that, bj splitting up a threshold dose 

< Zondek, B, Z Gehh and Gyn , 192C, 00, 378, iled KItn , 1927, No 13, 
Sormone <? Ovanvms u d Hypophvsenvorderlappcns, Springer, Berlin, 1st ed , 
1931, cf Zondek, B , and Asclilieini, S , Klin Wsclir , 1927, 0, No 6 
5 Hamburger, Cli , Quart J Pharm and Pharmacol , 1938, 11, 186 
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Cheilosis Treated With Vitamin Bo 


(as 1 RU certainh is) se\eral subthresliold closes are produced which 
cannot induce the gonadotropic response in the ovary 

Summary Comparing the gonadotropic response of the organ- 
ism to subcutaneous or mtraperitoneal administration of pregnancy 
urine prolan the following results were secured ( 1 ) If the minimum 
dose IS split up into 6 portions mtraperitoneal and subcutaneous ad- 
ministration are equally effective (2) If tlie minimum dose is split 
up into 3 portions the mtraperitoneal route is approximately half as 
effective as tlie subcutaneous one (3) If the minimum dose is given 
m one injection the mtraperitoneal administration is about 1/10 as 
effective as subcutaneous (4) Using the subcutaneous standardiza- 
tion method with minute doses as c <7 1 RU (estrous effect) the 

gonadotropic effect of 6 subthreshold doses is less marked than that 
of one single threshold dose 
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Cheilosis Successfully Treated with Synthetic Vitamin Bo 

Susan Comer Smith and Da\td W Martin (Introduced by 
David T Smith ) 

From the Depcrtmeni of Medicine and Department of Pediatrics, Dale University 
Schooi of Medicine, Durham, N C 


Aykrojd and Knshnam' observed that the incidence of angular 
stomatitis (sores in the corners of the mouth perleche, cheilosis) 
coincided Mith a deficienq of some factor or factors of the vitamin 

^"Miwf^ecentl) Sebrell and Butler- produced these lesions m 10 
out of 18 women subsisting on a nboflavm-deficient diet The 
lesions developed m a period of 94 to 130 days They failed to re- 
<;nond to nicotinic acid but responded to riboflavin the complete 
hLlmg requiring from 5 to 58 days Sebrell and Butler= added 
more evidence to their previous findings and these have been con- 
firmed bj others ^ 

. . a B , nnd Krishnnm, B G , Ind J Med Bes 1937 ai, 707 

'sobrerw H, nud Butler, R E , U 5 Puh BcaUJi Bep 1938, 53, 2882 
cU W H nnd Butler, R E , P 5 Puh Health Bep , 1939, 5t, 2121 
tfjlns’tncker, V P, ^ E, Templeton, C M , and Weaver, J W, 

^ T^D'’’^ii!r T W , and Ashe, V T,J A M A, 1939, IIS, 931 
0 Joirffe N ’ Fein, H D , and Rosenblum, L D , A r le Eng J Med 1939 

231 , 921 



Cheilosis Treated With Vitamin B, 


661 


In Mew of tliese facts, it seems important to report our obsen^a- 
tions on 4 consecutn e cases of cheilosis occurring spontaneously m 
association with other deficlenc^ s 3 ’ndromes in patients admitted to 
this hospital and treated with s}'nthetic Mtamm Bo [2 meth-^l, 3 
hrdrox}, 4 5 di(h\drox}Tneth}l) p}Tidine] * 

The first patient treated w as a 7-)'ear-oId colored girl admitted to 
the hospital with a diagnosis of pellagra Pellagrous lesions were 
present on the hands and feet A dietary history rei ealed a marked 
deficienc) of the Mtamm B-complex. There were tj'pical cheilosis 
lesions of the lips characterized b} maceration and Assuring at the 
angles (Fig la ) There was an associated seiere anemia The 
patient was placed on the basic diet of Smith and Ruffin which is 
known to be low in the B-complex and especiall} so in ribofla\in ' 
Treatment wuth s\nthetic Mtamm Bo h} drochloridej was started 
w ith 20 mg lntra^ enoush 24 hours after admission Within 5 hours 
slight but definite objectne improvement could be observed in the 
mouth lesion In 24 hours the improrement was demonstrable b} 



Fio 1 

A Before treatment vis initiated 

B Five davs after starting treatment with Bjj 

(20, 20, and 40 mg given 1st, 2nd, and 4th daj respccUvelT) 

* The Bvnthetic ntamm Bg used in this vork vas obtained through the courtesy 
of Merck and Co , Bahvav, N J 

■ Smith, D T , and Rnflin J , Arch Int Jfed , 1937, 59, G31 
t Tlie vitamm Bg vas prepared for intravenous use bv disso’ving it in freshly 
distilled vater at a concentration of 50 mg per cc The vitimin is readilv soluble 
in vater and no difhcultv is encountered in getting this concentration The solu 
tion vas placed in a vaccine bottle and sterilized bv autoclaving 





662 


Cheilosis Tkeated With Vitmiin B, 


photograpli 20 mg dose was gnen intravenousl} the ne\t day 
wTth continued imiirovement The next 2 da}s Bn therapy w'as 
omitted and tliere was a slight regression A.t this time a 40 mg 
dose was gnen intravenousl} and the impro\ement obtained within 
24 hours was marked (Fig lb ) The lesion healed completely 
from the effects of this dose This is the only anemia patient studied 
m which the anemia resiionded after Bn treatment, while the patient 
was subsisting on a diet \cr\ low in iron 

The second case of clieilosis occurred in a white woman, aged 62 
^cars, suffering from se\ere gastric distress pain, nausea, distension 
There was an accompan}ing anorexia, anemia and extreme weak- 
ness of arms and legs The cheilosis was not quite so t}'pical as m 
the first case because the fissures were not as prominent They were 
smaller, and tended to bleed and later form encrustations An in- 
clination on the part of the patient to pick at these lesions resulted 
in some infection The first dose of 100 mg B,, h}drochIoride w'as 
gnen intra\enously No treatment w'as gnen the next da} On the 
third da-\ 50 mg B„ h}drochloride was gnen b^ mouth and a second 
50 mg on the fourth da} On the fifth day the lesions w'ere entirely 
healed and did not return during the course of the illness though the 
patient died two months later with a blood d}scrasia The anorexia 
anemia and severe weakness were unaffected 

The third case of cheilosis occurred in an 18-months-old white girl 
with a diagnosis of celiac disease Her lesions were characterized 
b} small fissures in the corners of the mouth w ith red areas surround- 
ing them They de\ eloped while she w'as subsisting on a diet com- 
posed primanl} of milk and bananas At this time the onl} cliange 
of reo-ime was the intravenous administration of 50 mg of Bo hydro- 
chlorTde daily for 4 days This resulted in the healing of the mouth 
lesions which remained healed during the rest of her sta} in the ' 
hospital 

\ fourth case of cheilosis mild but characteristic occurred in a 
27-} ear-old sprue patient This patient w'as extremel} deficient in 
man\ of the vitamin factors There w'as slight impro\ement of the 
mouth lesion w ith Bo but complete healing did not occur either w'lth 
vitamin B„ (1000 mg) or with a combination of Bo (300 mg) nbo- 
fla\m (140 mg) and nicotinic acid (1000 mg) The lesion finally 
healed completel} however, when 445 units of a concentrated Iner 
extract^ was given intranuiscularlv over a period of one week 

It IS interesting in these 4 cases that the first was cured while re- 
cen mg a basic diet deficient in ri boflavin and the third developed 

} Lederle'solut.oiThver cornet parenteral refined and 
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the lesion while recening what should ha\e been an adequate supply 
of nboflai in from approximate!} one quart of milk a da} and a fair 
amount of i itamin B,, m the banana w Inch w as assa} ed m this labora- 
tor} and found curatne of the t}pical Bn deficient dermatitis of rats 
when fed in daih doses of 0 75 g * 

We haie found it true m controlled laborator} experiments that 
often a primar} i itamin deficienc} results in s} mptoms not altogether 
characteristic of that deficienc} This is brought about b\ the pre- 
cipitation m the later stages of the primar} deficienc} of a secondar}' 
deficienc} which is responsible for the s}Tnptoms obsened'' It is 
probable that some such phenomenon ma} explain the curatne 
powers of both nboflaiin and Br in chmcalh similar lesions 

The nearest thing we ha\e to an animal analogue of the cheilosis 
IS the mouth lesion observed in the Br-deficient rat This occurs 
when as much as 100 fig of s}nthetic nbofla\in are fed indnidually 
but }Telds to treatment w ith s} nthetic B« Similar lesions also occur 
in nbofla\ in-deficieiit rats but less frequentl} 

There are then 3 possible explanations of the obser\ ations that both 
nboflai in and Bn cure cheilosis ( 1 ) that rlbofia^ in is the priman and 
specific deficienc} responsible for the cheilosis and the Bn operates only 
indirect!} , ( 2 ) that } itamin B., is the primarv and specific deficiency 
responsible for the cheilosis and the nbofla\m acts onl} indirectl}, 
and (3) that both ribofla}in and iitamin Bo are necessar} to maintain 
the integrit} of the lips at the mucocutaneous junction and that a 
deficienc} of either w ill precipitate the lesion If 

Smitli S G , unpoblislied datn 

0 Mnrgohs, L H , Margolis & and Smith, K G , J } ii( IhSS, IT, G3 
'■ Since this pnper went to press tno more patients irith cheilosis hare been 
treated, one irith nt-iniin Bn (350 mg) and one inth nboflann (50 mg) and both 
responded promptlv It should be noted here that Aikrord and Knshnami” hare 
reported the cure of cheilosis intli n roast preparation freed from flann 
I'l Aikrord, }}■ R , and Krishnam B G , /n<7 J 3Icd Set IbSS, 35, G43 
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Sulfathiazole Effect on Staphylococcus aureus in vitro 
Charles H Ramjielkamp A^D Chester S Keefer 

Trom the Thomdihe Memorial Laboratory, Second and Fourth Medical Services 
(Harvard), Boston City Hospital, and the Department of Medicine, Harvard 
Medical School, Boston 


Recently se\eral thiazole analogues of sulfapjridine ha^e been 
described^ and a few reports concerning their toxicity" and tlieir 
protectne action against Staphylococcus aureus in experimental 
animals’ * have been made. It appears tliat the thiazole compounds 
may proie useful climcalty Ho\\e\er, further information con- 
cerning their action both tit vitro and m the experimental animal is 
desirable It is for tins reason that the present m vitro stud\ A\ith 
special emphasis on the action of sulfathiazole (2-sulfanilamido- 
thiazole) on 5 aureus was undertaken 

Methods Of the 4 strains of staphylococci used 3 t\ ere isolated 
from the blood stream of patients with bacteremia, and the otlier 
from a case of osteom\ehtis of the femur All 4 strains produced 
yellow pigment on agar, 2 produced hemohsis on blood agar, and 
all gave a strongly positive coagulase reaction ’ The organisms were 
stored m the icebox on blood-agar slants, and 16-hour peptone- 
broth cultures v\ ere used All dilutions v\ ere made m saline 

To study the comparative effects of sulfanilamide, sulfap}ridine, 
sulfatlnazole, and sulfamethjdthiazole on staphv lococci m whole 
blood the method emploved previously b} Spink and Keefer® was 
used Defibnnated whole blood was obtained from individuals 
vvitliout signs of infection To 0 5 cc of defibnnated blood 0 1 cc 
of various dilutions of the 16-hour broth culture was added 
The chemicals w ere dissolved m saline and added m 0 1 cc 
amounts The final concentration m each tube was 10 mg/100 cc 
unless otherwise stated Tubes vvitli 8 different dilutions of organ- 
isms were set up m duplicate, sealed m a gas-oxygen flame, and 


nnd Walter, L A , J Am Chem Soc . 1939, 61, 2032 

2 vnn Dyke, H B , Creep, H O , Bnke, G , and McKee, C M , Pkoc Soc Exp 

Bioi,. AND Med , 1939, 42, 410 x. t>.. q ir -d 

3 Barlow, O W , and Homburger, B , Pkoc Soc Exp Biol, and Med , 1939, 

42 792 

’■t McKee, C M , Bake, G , Creep, B O , nnd vnn Dvke, H B Psoc Soc Exp 
■RrnT AND Med , 1939, 42, 417 

6 Cliapman, G H , Berens, C , Peters, A , and Curcio, L , J Bact 1934, 28, 343 
oJXw W, and Keefer, 0 8,/ Clm Invest^ 1936, 15, 21 
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placed in a rotator in the incubator The tubes were removed at 
24 and 48 hours, and examined for hemoij'sis Those tubes showing 
no hemolysis vere then opened and the contents plated out and the 
colonies counted The number of organisms present was calculated 
from tlie number contained in 2 5 cc of the sixth tube which was 
plated out at the beginning of the experiment 

Action 111 zuliole dcfibrinated blood The majority of normal 
human defibrmated blood-samples could kill less than 10 staphylo- 
cocci m 0 5 cc although rarely as many as 1000 organisms were 
killed When sulfathiazole was added to these samples the killing 
pover was increased, and there was evidence of definite bacterio- 
stasis m the tubes in which there was growth To determine the 
concentration that produced tlie maximal effect, dilutions of sulfa- 
thiazole were made so that final concentrations of 1, —2 5, —5, -10, 
-15, and 20 mg/100 cc Mere obtained Chart I demonstrates the 
bacteriostatic action of sulfathiazole m these various concentrations 
The e\ idence of bacteriostasis as represented here was the absence of 
hemolysis at the end of 48 hours Hemolysis m tliese experiments 
did not occur unless there were 10® organisms per cc In those tubes 

BACTERIOSTASIS AFTER 48 HOURS INCUBATION 



MCM OF SULFATHIAZOLE /lOOCC 

Chart 1 

Encli dot represents the largest inoculam of S aureus timt failed to prodoce 
hemolvsis after 4S liours’ ineuhation The lines connect indmdual cwn^Fiments on 
the same sample of blood 
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Sulfathiazole Effect on Staphylococcus aureus tn vitro 


Charles H Raiimelkamp and Chester S Keefer 

From the Thorndike Memorial Laboraiort/, Second and Fourth Medical Services 
(Mariard), Boston Cilv Bospital, and the Department of Medicine, Sarvard 
Medical School, Boston 


Recentl) se\eral tliiazole analogues of sulfapjndme have been 
described' and a few reports concerning their toNJcity” and their 
protective action against Staphylococcus aureus in experimental 
animals’ * have been made It appears that the thiazole compounds 
ma} prove useful chmcall} However, further information con- 
cerning their action both iu vitro and m the experimental animal is 
desirable It is for this reason that the present ut vitro stud} with 
special emphasis on tlic action of sulfathiazole (2-sulfanilamido- 
thiazole) on 5" aureus was undertaken 

Methods Of the 4 strains of staphylococci used 3 were isolated 
from the blood stream of patients wnth bacteremia, and the other 
from a case of osteom}ehtis of the femur All 4 strains produced 
yellow pigment on agar, 2 produced hemoKsis on blood agar, and 
all ga\ e a strongly positive coagulase reaction ’ The organisms w'ere 
stored in the icebox on blood-agar slants, and 16-hour peptone- 
brotli cultures w^ere used All dilutions w'ere made in saline 

To stud} the comparatne effects of sulfanilamide, sulfapyridme, 
sulfathiazole, and sulfamethyltliiazole on staph} lococci m whole 
blood tlie method emplo}ed previously b} Spink and Keefer® was 
used Defibrmated whole blood w'as obtained from individuals 
without signs of infection To 0 5 cc of defibrmated blood 0 1 cc 
of ^arlOus dilutions of the 16-hour broth culture was added 
The chemicals were dissolved m saline and added m 01 cc 
amounts The final concentration in each tube was 10 mg/100 cc 
unless otlienvise stated Tubes with 8 different dilutions of organ- 
isms were set up m duplicate, sealed in a gas-oxygen flame, and 

Iposbmder B F , nndmlter, L A,J Am Chem Soc 01 2032 

2 van Dyke, H B , Greep, B O , Bake, G , and McKee, C M , Peoc Soc Exp 

Biol, and Med , 1939, 42, 410 „ c? tc d 

3 Barlow, 0 W , and Homburger, E, Pnoc Soc Exp Biol and Med, 1939, 


I McKee, C M , Bake, G , Greep, B O , and van Dvke, H B , Paoc Soc Exp 
C , Peters, A , and Cure.o, L , ,1 Bact 1934, 28, 343 
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addition of sulfathiazole to defibnnated whole blood which kills less 
than 10 staph} lococci increased the bactericidal pow'er at least 100 
times In 2 experiments in which tlie blood killed 50 to 100 organ- 
isms the addition of sulfathiazole enhanced the bactericidal effect 
10 to 100 times Again it is e\ident from this chart that concentra- 
tions of between 2 5 and 5 mg/100 cc gaAe effectue results, and that 
increasing the le\el aboAC this concentration did not enhance the 
bactericidal effect appreciabl} 

The aboAe obser\ations w'ere repeated after giving sulfathiazole 
b} mouth to normal persons Blood w'as w’lthdrawn both before and 
after the drug w as administered, and the organisms were added The 
second sample showed an increase in botli the bactericidal and 
bacteriostatic action against the staph}’lococcus as compared wuth the 
sample of blood before the drug w'as given 

Comparative effects of siilfani!amide derivatives Since sulfan- 
ilamide and sulfap} ridiiie ha\e both been disappointing in their effects 

COMPARATIVE EPFECT of VARIOUS SULFANILAMIDE DERIVATIVES 
ON PATHOGENIC STAPHLOCOCCI 
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COtiTROL PAjBS. SP MT ^AT 

Chaet 3 

Solid dots represent original inocnlmn Circles repre*'ent number of organisms 
per cc at the end of 4S hours' incubation Broken lines indicate growth, sobd 
lines indicate killing S = sulfanilamide, SJP = sulfapmdine, M,T = 

sulfamcthrlthiazole, T = sulfathiazole 
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show mg no hemol} sis there w ere 10' organisms or less per cc Simi- 
lar results w ere obtained w hen the tubes w ere examined at the end of 
24 hours, but the color change was not so marked In the tubes con- 
taining the drugs the hemolysis was greatl) dela)ed as compared to 
the controls From the chart it can be seen that the effectne bac- 
teriostatic lee el of sulfathiarole was between 2 5 and 5 mg/100 cc 
and that higher concentrations of the drug produced little increase in 
this action 

The increase m the bactericidal effect upon the addition of sulfa- 
thiazole w as not as striking, but it w'as definite Chart 2 represents 
a t}-pical experiment on one sample of defibrmated blood In all 12 
such experiments were done Again the results shown m this chart 
are taken after 48 hours incubation m the rotator, how'eeer, the re- 
sults at 24 hours were similar Indeed there was little change in 
the number of organisms between the 24th and the 48th hour The 

BACTERICIDAL ECrECT OF VARIOUS CONCENTRATIONS 
OF SULFA THIAZOLE 



CONTROL I 2 * * 10 20 


MCM OF SULFATHIAZOLE/ 100 CC 
Cbakt 2 

tJnlld dots represent onginnl inoculum cc of S aiireui Circles represent 
li^umber of orgamsms per cc at the end of 48 hours- incubation Solid linos 
dicatc killing, broken hues groivth 
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Effect of Insulin on Plasma Level and E-vcretion of Vitamin C* 
Elaine P Ralli and Sol Sherry 

From the Department of iledieine, New Tori Unxvernty CoUege of Medicine 

In studjing the metabolism of Mtamm C m normal and depan- 
creatized dogs, the urmarj' excretion, of the vitamin was found to 
be strikingly reduced m the diabetic animal The diets m both 


THE EFFECT OF INSULIN IN THE NORMAL DOG ON 
THE NORMAL HOURLY PLASMA a URINE VITAMIN G 
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on the clinical course of cases n itli 5" aureus bacteremia, it seemed 
desirable to compare the action of these drugs n ith the thiazole com- 
pounds (sulfathiazole and sulfamethjlthiazole) in vitro 

The drugs were added to the blood so that the final concentrations 
•were 10 mg/100 cc In each of 8 experiments, the various drugs 
were added to the same sample of blood S dilutions of organisms 
were made, and set up in duplicate tubes and incubated for 24 and 48 
hours The tubes were then opened and the contents cultured 
Qiart 3 illustrates the results of a t 3 'pical experiment When 10 or 
more organisms were added to the blood w'lthout anj drug, and 
incubated for 48 hours, there were at least 10® organisms present at 
the end of 24 hours With sulfanilamide the same was true It w'as 
noted, how'e%er, that at the end of 24 hours there was evidence of 
bactcriostasis in that hemol 3 'Sis of the blood was dela 3 ed This, 
how'cver, was never ver 3 striking The bacteriostatic effect of 
sulfap3Tidine was shown when small numbers of organisms were 
used, that is less than 10,000 per cc of blood Both sulfathiazole 
and sulfameth 3 'lthiazole show'cd bacteriostatic and bactericidal prop- 
erties Tlie numbers of organisms actually decreased during incu- 
bation and this w as striking even w'hen as many as 100,000 organisms 
per cc w'ere used From our experiments, using w'hole blood, sulfa- 
thiazole was slightly superior to sulfameth 3 'lthiazole although the 
difference was not great It seems justifiable to say tliat in whole 
defibrmated blood, sulfathiazole is more effective against staphylo- 
cocci than sulfamethylthiazole, sulfapvndine, or sulfanilamide 

Conclusions Sulfathiazole is an effective bacteriostatic and bac- 
tericidal agent against S aureus when added to defibrmated whole 
blood 111 vitro Concentrations between 2 5 and 5 mg/100 cc are 
necessary to obtain the maximal effect Comparison of this drug 
witli sulfamethylthiazole, sulfanilamide, and sulfapvndine show it 
to be somewhat superior in the experiments reported 

We wish to thank The Squibb Institute of IMedical Research for 
the supply of sulfathiazole and The Department of Medical Research 
of the Wmthrop Chemical Company for the supplj of sulfamethyl- 

thiazole used m this mvesti^tion „ . , , 

We wish to thank Miss Marjorie Jew'ell and Miss Eleanor Fleming 
for technical assistance 
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THE EFFECT OF INSULIN IN THE DIABETIC DOG ON 
THE NORMAL HOURLY PLASMA a.URINE VITAMIN C 



Chaet 2 


the unnar}' excretion laried from 2 16 to 4 92 mg per hour (Cliart 
1) In the diabetic dog the plasma levels of Mtamm C \aried from 
0 69 to 0 83 mg % and the urinary excretion from 5 70 to 7 04 mg 
per hour (Chart 2) In 3 experiments in the normal dog 20 units 
of insulin were injected subcutaneoush and at the same time a small 
dose of glucose was gi\en b} mouth to aioid too rapid a fall m the 
blood sugar One tjpical experiment is shown in Chart 1 In 
contrast to the normal \ariations in plasma le\els of Mtamm C, fol- 
low ing the injection of insulin there is a fall in the plasma concen- 
tration and the urinar} excretion of the \ itamin The effect lasted 
about 6-7 hours at w Inch time both the plasma le\ el and the urinar} 
excretion returned to normal 

In the diabetic dog (Chart 2) in 3 experiments the results are 
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group'^ of animals were totallj' dc\oid of ■\itamm C dried meat 
j)o\\der was used m place of raw' beef Flic dogs were kept m indi- 
vidual metabolism cages and the urines were collected bj catheter 
at the start and end of each 24-hour period Urines \oided between 
catheterizations were collected m dark bottles containing sulphuric 
acid and hjdrox} quinoline to prevent the destruction of the urinare 
ascorbic acid Fasting bloods were taken for the determination of 
the plasma \itamm C' Urmar\ \itamm C was determined bj the 
method of E\ehai‘ The depancreatized dogs received insulin 
twice dail) m amounts which allowed a moderate daih excretion of 
sugar 

The 6 normal dogs excreted an aeerage of 20 6 mg of Mtamin C 
per kg of bod} weight m 24 hours The fasting plasma le^els of 
vitamin C earicd from 0 55 to 0 94 mg % The 7 diabetic dogs 
maintained on insulin excreted on an aeerage onl\ 3 6 mg of Mtamin 
C per kg of bod} weight in 24 hours The fasting plasma le\els 
\aried from 0 33 to 0 71 mg % 

The influence of injected insulin on the plasma le\el and excretion 
of Mtamin C was studied m a series of acute experiments in Ixith 
the normal and depancreatized dog Control experiments w ere run 
on each dog to ascertain the hourh plasma \ariation and uriinr}' 
excretion of Mtamin C 0\er a period of 8 hours the plasma le\els 
of Mtamin C m the normal dog \ancd from 0 58 to 0 66 mg % and 


TABLE L 

A^ernEC 24 liour Excretion of Vitamin C nnd Fasting Plasma Levels 
^ ” nnd Depancreatized Dogs on Insulin 


Normal 


Dog 


Wt, kg 


Ko daily 
observa 
tions 


Urinan exeretion 
ntaniin C in mg 
dnilj 


Urinnrv 
excretion 
per kg 


Fasting plasma levels 
Vitamin C mg % 


Avg S D Bodj wt No obser Avg SJD 



15 75 

13 

304 

±32 1 

19 3 

5 

0 55 

± 09 


12 25 

17 

189 

±20 0 

15 4 

8 

0 G5 

■+- 07 


11 25 

10 

232 

±17 0 

20 0 

7 

0 G2 

-1- 14 


9 0 

21 

1G3 

±18 3 

18 1 

13 

0G3 

-e08 

215 

218 

11 75 

13 0 

1 

G 

300 

319 

Diabetic Dogs * 

25 5 

24.5 

1 

2 

0 89 

0 94 



Q 75 

25 

14 

±05 

1 4 

9 

0 45 

-t- 03 

214 

21G 

170 

211 

215 

208 

G 75 

8 25 

12 50 

10 50 

10 50 

11 50 

5 

5 

15 

13 

11 

6 

8 

IG 

71 

81 

29 

52 

± IG 
± 20 
±210 
± 90 
±110 
±13 0 

1 2 

1.9 

5 9 

77 

28 

4.5 

2 

2 

5 

6 

5 

2 

0 41 

0 33 

0 49 

0 71 

0 6G 

0 60 

± 12 
± 05 
± 12 

•Tlie depancrcatired dogs 

received insulin tince daily 

A M.. J Biol Chem , 1938. 

122. 07: 

a 




120 , 655 


Test for Stertlity of Biologic Prodlcts 


673 


TABLE I 

Growth from Contammated Semm (1.0 and OSto ce Amoanta) 


In in&mon bro^h 

In thioglTcoUate medium (Smith tubes) 

Cbntanunant Contaminant 


Preserred with 


r r ^ ~ “i 

staph aureus Cl ietani Staph aureus Cl tetani 


hlerthiolatc, 1 5000 
” 1 10,000 
Phenol, 0 oSc 
ICo preserratire 


ai'ailable dried spores of Cl ietain in sand, 10 lears old pre- 
pared b} Coleman * A*accines and serums were inoculated lig^htly 
mth these organisms smgh and in mixtures From these products 
0 25 cc and 1 0 cc respecti\eh containing from 5 to 500 orgamsms, 
ere transferred to standard Smith tubes and also to tubes contammg 
12 cc of thioghcoUate medium * Incubation at 37'C for 7 dar-s 
follow ed w ith frequent observations 

A summary of results is gi\en m Table I Xo difference between 
results with \acanes and serums was noted A hundred-fold m- 
crease in the inocula did not change the results Ps pyocyanea ap- 
peared to be less sensitne to merthiolate than other orgamsms, 
serum preseiY ed w ith merthiolate, 1 10 000, usualK } lelded growth 
and, after several da)s, serum with merthiolate, 1 5000 usually 
jaelded growth, e\en m ordinarv broth Dned spores of the Cl 
tetam failed to dei elop in Smith tubes in pure culture, although thej 
grew quicld) m thioghcoUate medium The\ failed to develop in 
Smith tubes in pure culture e\en from unpresen ed serum or serum 
presen ed with phenol Xumericalh, an moculum of 150 spores, the 
maximum tested failed to grow m Smith tubes 10 spores the 
lowest number tested grew readilj in thioghcoUate medium In 
fact, growth of these spores m Smith tubes w as obsen ed onlr when 
aerobes w ere also present and this w as irregular 

In summari it seems clearh e\ident that the standard test for 
stenliti IS inadequate because of the inhibition of growth of possible 
contaminants b^ merthiolate or similar bacteriostatic substances and 
because the method is not reliable for anaerobic contaminants It 
seems equalh clear that thioghcoUate medium is adapted to meet 
these objections and with suitable refinements should replace the 
standard test for stenhu 

3 Roienitem. Levin, L and Levin. IL, Am J Bua^ 1935, 21, 260 
* Coleman, G E,, / Infeet Dis 1030 47 410 

*rnrnulied bv the Bal'-imorc Biological Laboratone* Tbe formala is pork 
infusion from 3" 5 g per liter, thiopeptone, iv^. dextrose, 1<^ XaCL 0 5'^ 
Xa ‘hioglvcoUate, 0 1*^ agar 0 OoCJ- me hvicnc bine, 0 0002Cc 
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similar There \\ as a sharp fall in the plasma level and urinar}' ex- 
cretion of vitamin C as soon as the subcutaneously injected insulin 
became effective 

In additional experiments we ha\e found that if glucose is ad- 
ministered intrav enously at the time that the plasma vitamin C level 
and unnarv' excretion is reduced the effect can be overcome and the 
plasma le\ el of the ^ itamin returned to normal 

Similar studies are being made at present on human normal and 
diabetic subjects 
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Test for the Sterility of Biologic Products 
S Marshall, J B Gunmsox axd M P Luxen 

From the Department of Bactcnologii, University of California Medical School, 

San Francisco 

Standard tests for the sterility of finished vaccines or serums 
consist of the inoculation of 0 25 cc and 1 0 cc from the proper 
number of samples of the product to Smith fermentation-tubes con- 
taining infusion-broth The tubes are heated within 5 hours before 
inoculation to drive off dissohed oxjgen They are then inoculated 
and are incubated for 7 dajs The presence of weak points m the 
standard procedure has long been suspected 

The inherent weaknesses of the standard test are, in part, de- 
pendent upon (1) the frequent use of merthiolate which, because of 
its bacteriostatic effect, prevents the grorvth of contaminants, if any, 
m many instances, and (2) standard Smith tubes are not well 
adapted to the cultivation of anaerobes The use of a second trans- 
fer, after 7 dajs, from optically clear Smith tubes to fresh Smith 
tubes in an endeavor to overcome the bacteriostatic action of the 
preservative is definitely irrational and thus unsatisfactory " 

The use of Breiver’s medium containing thioglycollate overcomes 
the objections given because it permits the growth of organisms in 
tlie presence of merthiolate and because it is suited to the cultivation 
of anaerobes The results reported here support these Views 

Tests were made with vaccines (bactenns) and serums, preserved 
with merthiolate, 1 5000 or 1 10,000 or with phenol, 0 5% As 
contaminants 24-hour cultures of Staph aureus Staph alhus, Ps 
pyocyanca, B subtiUs and C vc ro.nr were us ed^ In addition, there 

sBreirer, J H., J Saet , 1940, SO, 10 
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estrus oi the rats The “phaseohn , ho\\e\er as prepared b} 
Zseh onka and Illen} i ’ inhibited the estrus u hen added at the same 
let el to the basic food Osborne s method differs substantially from 
the other m that it in\ oh es a thorough extraction of the bean pro- 
teins \Mth hpoid sohents 

3 The rat\ bean flour mrxed in the diet to 15% inhibited the 
estrus ot rats Houeter the same bean flour was found ineffectne 
in this sense eten at a 20% let el, after its thorough extraction in a 
Soxhelet apparatus or after repeated thorough extraction at room 
temperature with fat sohents 

4 Furthermore a crude oil extracted from the bean flour w ith 
fat sohents at room temperature in about 17% \neld inhibited the 
estrus of the rats during the period of its subcutaneous administra- 
tion Controls recen ing the same amount of oln e oil continued to 
show their regular estrus 

5 It was found that this estrus-inhibiting principle in the oil of 
the white bean as extracted with hpoid sohents is directly antago- 
nistic in Its action on castrated female rats to the estrogenic hormone 
One gamma estrogemc hormone f international standard ketohy- 
droxyestnn) injected subcutaneously first pro\ ed to be sufiicient in 
our castrated rats to e\oke estrus in about 100% In cross-experi- 
ments the same amoiuit of estrogen was found to be 50% less 
eftectue when the test groups were kept on a 15% by weight bean 
diet prior to during and after the administration of the estrogenic 
hormone 

The results of these experiments seemed to indicate that in the 
lipoid-soluble fraction of the bean there is present a factor with a 
biological action similar to that of progesterone 

6 In order to examine this point further the crude bean oil was 
tested m the Clauberg test known as a most specific one for pro- 
gesterone-hke effects e used the abbrei lated form of the Clau- 
berg test as proposed by Butenandt ct al ' 

With this test a positne progesterone-hke effect of the bean oil 
could be repeatedh demonstrated. This is the first example of a 
substance from a plant source which exerts a progesterone-hke effect 

This progesterone-hke pnnaple of the bean was found to be \en 
sensitne to heat oxidatn e agents and alkalies Only extracts which 
took account of these properties retained their potency 

Osljorne T B and S ran'«, E„ Abdrrhaldr-n s Dandhuch d biol Arh'iU 
m^lhoder \bt I Bd S p 423 

"BDt'nand \„ Wes'plial ir,andHoliTeg W Z phimol C7i(m 1934 22T S4 



674 


11299 P 

Presence of a Principle ^^:th Progesterone-like Activity Obtained 
from a Plant Source 

G DE Suto-Nag\ * (Introduced by C N H Long ) 

Irnm Ihc Institute of Ceiirral Pntltologi/, University of Budapest 


The known Inological inconi])letencss of the protein fraction of 
the bean has recened considerable attention in interpretations of the 
malnutrition caused b} a raw bean diet Eelak and Szathmarr,' ' 
and Zseljonka and Illenji'' w'ere the first to point out that together 
w’lth this loss of weight there was also observable an inhibition of 
the estrus of mice during the period of feeding w ith a diet containing 
15% of raw bean The> isolated a globulin fraction from the bean 
flour, which the} referred to as “phaseohn ” Together wuth a loss 
of weight, the inhihition of the estrus of the mice could be ob- 
served when 5% of the basic food of the mice was replaced b} 
this pfotein fraction The fat-soluble fraction of the bean was 
found by the same authors to be ineffective Sel}e and Collip,'* in 
replacing 30 to 50% of the basic food of the rat with bean flour, 
observed a certain atroplu of the o\aries and interpreted their find- 
ings as a consequence of a “malnutrition ” 

In our feeding experiments, first using rats as test animals, and 
follow'ing the course of the estrous cycles b} means of the vaginal 
smear method of Long and E\ans,' w'e were able to establish the fol- 
lowing 

1 Complete inhibition of the normal estrous cycle could be ob- 
serv'ed when 15% of the basic food was replaced by bean flour 
Controls, on a diet wuthout bean flour, failed to show an} change in 
their regular cycles whether that diet w'as offered to them (a) ad 
libitum, or (b) in an amount 15% less by weight than that regularly 
taken by these animals 

2 The pure globulin fraction of the bean as prepared by Os- 
borne,*' given in 5% b} w'eight to the basic food did not inhibit the 

•Present address, Department of Cliemlstry, Yale University, Xew Haven, 


^ 1 BelfiK, S , and Sratlimftry, J , 5tli Congress of the Hnngarian Phvsiol Soc , 

S ■?,”nnf sJatlmidry, J , Bioci, eni 7 . 19S7, 201, 259 
a Zselyonka, L , and Ulfnyi, A , Biocl.cm 7 ,1937, 201, 263 
4 8elye H , and Collip, J B , Endocnnologij, 1936, 20, 667 
n hong, J A , and Evans, H., Memoirs of the Untv of California, 1922, 0 
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purified thrombin and the amount that disappeared from solution 
calculated The conversion of 1 mg of fibrinogen resulted m the 
adsorption of 5 1 units of thrombin upon the fibrin strands , no fur- 
ther adsorption occurred regardless of the tune of incubation in the 
presence of excess amounts of thrombin Therefore when blood 
coagulates, approximately 90 % of the thrombin must be inacti- 
vated or neutralized by the normal antithrombic activit)’^ of the 
serum 

Observations were then made on the quantitative activity of the 
antithrombm of diluted and undiluted serum and oxalated plasma 
The fibrinogen ^\as removed from plasma by incubation for 10 min- 
utes at 56*^0 When 1 unit of thrombin was added to 1 cc of various 
dilutions of serum and plasma and the amount of thrombin calcu- 
lated that was inactivated at various periods of incubation at 28° C, 
It was observed that there was a quantitative correlation in anti- 
thrombic activity at 4 minutes’ incubation in dilutions greater than 
one part m fort}'-five There was little or no difference in the anti- 
thrombin of serum and plasma In the ultimate test the incubated 
(56°C, 10 minutes) serum or plasma was diluted (usual dilutions, 
1 part in 40, 50, or 60) to such an extent that 1 cc would inactivate 
0 48 to 0 59 units of thrombin m 4 minutes at 28 °C In such dilu- 
tions no correction was necessary for tlie thrombm-neutrahzing 
activity of oxalates However, when the results of such a test were 
compared with the ability of undiluted serum or plasma to neutralize 
or inactivate thrombin the calculated result had to be multiplied by 
a correction factor of 5 28 The addition of small amounts of 
thrombin to undiluted serum or plasma was no index of the anti- 
thrombic activity because of the unexplained phenomenon that small 
fractions of a unit of thrombin may remain active for considerable 
time One unit of antithrombm is defined as that amount which will 
neutralize or inactnate 1 unit of thrombin in 4 minutes incubated 
at 28°C 


TABLE I 

Normal Levels of Antathrombin in Hnman Subjects and Various Animals 


Source of blood 

No of subjects 

Avg antithrombm 
umts per cc 

Hange of variation 
units per cc* 

Human, normal 

34 

90 

74 115 

Dog 

15 

87 

74-105 

Cat 

5 

96 

79 117 

Cow 

11 

95 

82 119 


4 

103 

101 109 

Guinea pig 

10 

108 

97 120 

Rabbit 

IS 

108 

98 133 

Bat (albino) 

28 

123 

102 147 


'Lowest and Inghest determinations 
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Quantitative Studies on Antithrombm * 

Sloan J Wilson (Introduced by E von Haam ) 

From the Department of Pathology, Ohio State Vnwerstty, Columitts, Ohio 


The normally existing anticoagulants of blood serum and plasma 
according to present concepts are antiprothrombm and antithrombm 
HowelP stated that blood normally contains but a small amount of 
antithrombm A critical analysis of previous methods for the quan- 
titative determination of antithrombm has only become possible 
v ith the purification and standardization of prothrombin and throm- 
bin bj Warner, Brinkhous, Smith and Seegers * Previous methods 
ha\e consisted of either adding considerably less than one unit of 
thrombin to undiluted serum and observing the clotting time upon 
the subsequent addition of fibrinogen after various periods of incu- 
bation’ ^ “ or by adding a small fraction or a few imits of thrombm 
to plasma and observ ing the variations m the clotting time “ " The 
obvious conclusion was that serum or plasma can inactivate or neu- 
tralize very little thrombm It is well established that hemorrhage 
may occur with plasma prothrombin levels of 35% of normal (105 
units) or less Theoretically there should be a marked excess of 
prothrombin even in this hemorrhagic zone inasmuch as one unit of 
prothrombin when converted to thrombm will convert 1 cc of fibrino- 
gen to fibrin in 15 seconds From these observations it would seem 
probable that the antithrombic activity of serum and plasma is much 
greater than previously assumed 

Before a method was devised for the quantitation of anUthrombic 
activity of serum or plasma, the quantitative adsorption of throm- 
bm was observed during the conversion of fibrinogen to fibrin To 
various amounts of purified fibrinogen were added 60 units of 

• Aided by a grant from the Comly Bcsearch Fund, Ohio State Univeraity 

1 HoweU, W H., Physiol Sev , 1985, IS, 435 

2 Warner, E D, Brinkhous, K It, and Smith, U. P , Am J Physiol, 1936, 
114, 067, Smith, H P , Warner, E D , and Brinkhous, K. it, J Exp iCed 1937, 
6fl 801,' Seegers, W H, Bnnklions, K M , Smith, H P, and Warner, E D, 

/ Biol Chem , 1938, 120, 91 

3 Hovell, W H , Arch Int Med , 1914, 18, 76 

4 Gasser, Si. S , Am J Physiol , 1916, 42, 378 

B Mills, C A, and EjtrmiUer, K V, Arch Int Med 1926, 88, 544 ihid , 
1927, 39, 618 

6 Qmck, A. J , Am. J Physiol , 1938, 123, 712 

7 Eagle, H , Bull Johns Soplnns Sosp , 1937, 60, 428 
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purified thrombin and the amount that disappeared from solution 
calculated The comersion of 1 mg of fibnnogen resulted in the 
adsorption of 5 1 imits of thrombin upon the fibrin strands, no fur- 
ther adsorption occurred regardless of the time of incubation in the 
presence of excess amounts of thrombin Therefore when blood 
coagulates, approximateh' 90% of the thrombin must be inacti- 
vated or neutralized b} the normal antithrombic actmtj of the 
serum 

Observations were then made on the quantitatne activit) of the 
antithrombin of diluted and undiluted serum and oxalated plasma 
The fibrinogen was removed from plasma b) incubation for 10 min- 
utes at 56''C When 1 unit of thrombin was added to 1 cc of \arious 
dilutions of serum and plasma and the amount of thrombin calcu- 
lated that was inactivated at various periods of incubation at 28° C, 
it was observed that there was a quantitati\e correlation m anti- 
thrombic actmt} at 4 minutes’ incubation in dilutions greater than 
one part m fortj -fi\ e There w^as little or no difference in the anti- 
thrombin of serum and plasma In the ultimate test the incubated 
(56°C, 10 minutes) serum or plasma was diluted (usual dilutions 
1 part m 40, 50, or 60) to such an extent that 1 cc would inactivate 
0 48 to 0 59 imits of thrombin m 4 minutes at 28° C In such dilu- 
tions no correction was necessarj for the thrombin-neutrahzing 
actnity of oxalates However, w'hen the results of such a test were 
compared w ith the abihtr' of undiluted serum or plasma to neutralize 
or inactivate thrombin the calculated result had to be multiplied bj 
a correction factor of 5 28 The addition of small amounts of 
thrombin to undiluted serum or plasma was no index of the anti- 
thrombic activity because of the unexplamed phenomenon that small 
fractions of a unit of thrombin maj remain active for considerable 
time One unit of antithrombin is defined as that amount which will 
neutralize or inactivate 1 unit of thrombin m 4 minutes incubated 
at 2S°C 


TABLE I 

Xormal levels of Auhtlirombm in Human Subjects and Tanous Animals 


Source of blood 

No of subjects 

Avg antithrombin 
units per cc 

Eange of variation 
units per cc* 

Human, normal 

34 

90 

74-115 

Dog 

15 

S7 

74-105 

Cat 

5 

96 

70 117 

Cow 

11 

95 

82 119 

Pig 

4 

103 

101 109 

Guinea pig 

10 

lOS 

97 120 

Rabbit 

IS 

lOS 

98 133 

Bat (albino) 

28 

123 

102 147 


•Lowest and highest determinationa 
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The antithrombin of the serum and plasma of \arious species was 
then determined (Table I) Human serum and plasma contain 
Iretween 74 and 115 units per cubic centimeter In human subjects 
with tlie plasma prothrombin w'lthm the hemorrhagic zone the pro- 
thrombic umtage usuallj approMmated or w as low'er than the anti- 
thrombic umtage 

Siminiary A method is de\ised for the quantitatne determina- 
tion of antithrombic activitj of scrum and plasma One unit of 
antithrombin is defined as that amount which will inactnate or 
neutralize 1 unit of thrombin m 4 minutes’ incubation at 28° C 
There is little or no quantitatne difference m the antithrombin of 
serum and plasma The antithrombic actn ity of normal serum and 
plasma is considcrabl) greater than has been prei louslj described 
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Diphtheria-Antitovin Production After Intravenous or Sub- 
cutaneous Injection of Alum-To\oid 

Jules Freuvd and Mary V Bovynto 

From the Deportment of Health, Citi/ of Veia Tori, Bureau of Laboratories, 
Antllonn Laboratorv, Olisville A T 

The purpose of the present stud} is to compare the effectiveness ot 
Ultras enous and subcutaneous injections of alum-precipitated diph- 
theric toxoid in stimulating antitoxin-formation m the rabbit 
The general opinion that the subcutaneous is superior to the intra- 
venous route in antitoxin-production is based on experiments w ith 
horses' and guinea pigs Further important difference between the 
preiious and the present experiments is that in the previous studies 
the antigen, toxin or toxoid, was used in solution and m the present 
study the toxoid w'as emplo}ed as particulate material 

When bacterial suspensions are employed as antigen the vascular 
route IS the more effective one This is true not onl} m regard to 
pneumococci that rapidly become gram-negative when introduced 
into the skin,' but also in regard to heat-killed tubercle bacilli that 
W , and Wassermann, A , Eandbueh der path ihlroorgamsmen, 1912, 
Vcrlne Giwtiv Fiseber, Jena 

2 Neill J , Sugg- J y - I, V , Immunol , 1935, 28, 363 

1 Jnlla'neUe, li A , •! Exp l/ed , 1930, 61, 441, 449, Dnbos, fi J and MacLeod, 
CM,/ Exp ’ued , 1938, OT, 269 
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are quite resistant ■* Tlie question can be raised u hether toxins or 
toxoids would behave like bacteria if they are injected as particulate 
material By the subcutaneous route toxins and toxoids in combi- 
nation with particulate material or as precipitates were emplot ed by 
Ramoir' and Glenn) and his associates ® 

Four rabbits recened intravenous and 5 rabbits subcutaneous 
injections of 1 cc of alum-precipitated diphtheric toxoid containing 
25 Lf on 4 successive daj s and after a rest of 3 days a similar course 
of 4 injections The antigen was diluted 1 10 wnth salt solution for 
the intravenous injections The animals w'ere tested 12, 18, and 25 
days after the first course of 8 injections Thirty-two dajs after 
the first course of injections the rabbits were given a new^ senes of 
injections, but tins time 5 days apart The rabbits were bled ap- 
proximately 5 da) s after each injection The titrations w ere carried 
out by the mtracutaneous method 

The results are presented in Table I The first 3 samples of blood 
taken at different intervals after the first senes of 8 injections show 
that the rate of antitoxin-formation was stnkingl) higher m the 
group with intravenous injections, since at the time of the first 
bleeding the average level in this group w'as 1 8 and m the group 
with subcutaneous injections only 0 1 antitoxin unit per cc At the 

TABLE I 


Antitoxin tlnits per cc of Bctnin in Eabbita InimiiDized intli Alum precipitated 
Diphtliene Toxoid. 



Days after tlie 
first course 
of injGcUons 

During tlie second course of injections 
After 

Boute 

No 

12 

18 

25 ' 

Ist 

2d 

3d 

4tb 

stu 

Cth 

7tU 

IntravcnouB 

1 

60 

40 

20 

15 0 

15 0 

20 0 

15 0 

12 5 

12 5 

100 


2 

10 

10 

20 

110 

16 0 

20 0 

— 

18 0 

18 0 

15 0 


3 

10 

20 

10 

110 

12 0 

15 0 

16 0 

10 0 

10 0 

75 


4 

10 

1 0 

05 

30 

70 

7 5 

— 

7 5 

7 5 

50 

Atg 


IS 

20 

X 0 

too 


15 6 

'16 0 

12 0 

ISjO 

95 

Subcutaneous 

5 

1 

20 

6 

30 

TO 

50 

50 

30 

25 

25 


0 

1 

10 

6 

30 

00 

60 

25 

20 

30 

25 


7 

1 

20 

5 

30 

60 

40 

25 

3 0 

25 

25 


8 

1 

10 

5 

20 

50 

40 

25 

30 

25 

25 


9 

1 

01 

1 

10 

3 0 

30 

25 

20 

30 

25 

Avq 


1 

1 ’ 

4 

2 4 


4J? 

SJ 

S7 

S£ 

SS 

■•Pooled sera 


< Freund, 1 , and Opic, E L , J Exp dfed , 1B3S, 08, 273 
G Hamon, G , Sevtte d’Jmmtinol , 1939, IJo 5, 385 

iGlenny, A T Pope, O G, WnddinRton, H, nnd Wnllnce, U, J Path and 


Sad , 1920, 2», 38 
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time of the second and third bleedings the level was only slightly 
higher in the animals with intravenous injections The 2 injections 
of the antigen that followed the rest-period stimulated a sharp rise 
in the titers m both groups while the following injections produced 
a rise only in the group ith intravenous injections At the time of 
all of the 7 bleedings during the second course of injections the anti- 
toxin levels were conspicuousl}' higher in the group that received 
intravenous injections 

Conclusion Antitoxin-formation in the rabbit is more rapid and 
abundant after intravenous than after subcutaneous injections of 
25 Lf alum-precipitated diphtheric toxoid 
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Experiments on Cultivation of Virus of Infectious Avian 
Encephalomyelitis * 

I J Kligler and P K. Outsky 

From the lAiboratonc’i of the FoclefctJer Inrttlute for Medical Eescarch, New Torh 

In connection \%ith inr estigations on the virus of infectious avian 
encephalomyelitis (A E )/ we sought to enhance antigen quantita- 
tively for the preparation of immunizing vaccines, by cultivating 
the virus m developing chick embryos and in their tissues in vitro 
The results relating to epidemiology^ and to additional properties of 
this newly discovered virus were considered of sufficient importance 
to be offered in the present paper 

Matermls and Methods The strain of virus employed was that 
kindly sent to us by Dr Van Roekel and which was described by 
him^ as well as by Olitsky' ‘ The procedures followed cioselv those 
which had been employed by the latter Ten percent infected-chick- 
bram suspension in broth was used to initiate the various cultures 
Tests for virus, except as noted othenvise, were made by intra- 
cerebral inoculation of 0 05 to 0 1 cc of tenfold dilutions of the 
material to be examined into 2- or 3-weeks-old Rhode Island, or 
New Hampshire, Red chicks 

express our debt to Mr P Haselbaner for hia invaluable aid 

1 Ohtsky, P R, J Exp Med , 1930, 70, 565, Olitsky, P K., and Bauer, J H , 
Peoo. Soc Exp Bioi- axd Mim, 1939, 42, 634, For earlier descriptions, see 
Jonoa E E, / Exp Med, 1934, 59, 781, and Van Koekel, H., Bulbs, K. L, and 
Clarke, M K,/ Am Vet Med Aeso , 1938, N S 46, 372 
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Fertile eggs of White Leghorn diickens vere aYailable It was 
shown that of 11 normal, 2-week-old birds of this breed gi\en 0 05 
cc of 10"^ dilution of actn e brain intracerebral!} , all der eloped char- 
acteristic encephalom} elitis after 11 to 16 da}s Hence the Leghorn 
chicks are susceptible to the A E \ irus 

Cultivation Experiments 1 In Developing Chick Embryos In 
view' of the fact that the nrus is active onl} in ar lan hosts and that it 
has been reported' tliat the disease can be transmitted b} w a} of the 
egg the first attempts at cultivation w ere made in embr} onated eggs 
as the most promising approach to the problem Since the % irus w as 
shown to be active m nen ous tissue, it w as thought desirable to em- 
ploy embr} os of eggs of 5 or 6 da)s incubation, which had been 
used successful!} for the cultivation of rabies-r irus ’ 

Parallel cultures were set up, emplo}nng 1,000 chick cerebral- 
test-doses of A E Y'lrus, one group being inoculated b} w'ay of the 
}olk-sac, after the manner of Cox,* another, through an opening 
o\er the embr}o, direct!} into the allantois The eggs were then 
incubated at 36 5°C for 6-10 da}s, when their contents were removed 
and passage made from the allantoic membrane, } olk-sac, embr}'omc 
tissue, and brain to new series of eggs The different tissues of the 
2d and 4th passages w ere ground in brotli and decimal dilutions of 
lO"- to 10'" or KL® were injected mtracerebrally into chicks Five 
series of cultures were made and tested m 175 chicks, and in no 
instance could % iral multiplication be discerned. In 2 instances, the 
brains of chicks hatched from such inoculated embrj'os w ere passaged 
in } oung chicks w'lth negatu e results Pathological examination of 
the CNS of embr} os 18-20 days old (t c , 12-14 days after inocula- 
tion), or of hatched chicks faded to rereal the characteristic lesions 
of encephalomyelitis 

In addition, tests were made on the sunnal of virus mjected into 
Young and older embr} os In the former, 21 eggs w'lth 5- to 7-day- 
old embryos, and m the latter 11 eggs with 11- to 13-day-old ones 
w'ere used, 0 1 cc of 10"* dilution of r'lrus (actue m KH dilution) 
was inoculated into the eggs through the allantois m the region of 
the embr}'o The presence of rurus in the embr} os was demonstrated 
b} pooling 2 or 3 inoculated embr} os 1 hour later and injecting 
decimal dilutions of the suspension into chicks After incubation 
at 37°C for Yar}'ing periods, the embryonic brain and the other 
tissues were again examined for rirus-content In the series of 

- Van Eoekel, H., Bnllu, K lu, and Clnrke, IL K., r el Med 1<139, 34, No 12 
3 Kliglcr, I J , and BernXopf, H., Xaturc, 1939, 143, S99 
•• Cor, H. R , Puh Health Sep , 193S, 53, 2241 
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)Oung cmbrjos, \)rus was recovered m dilutions up to 10^ after 24, 
48, and 72 hours but not at all after 5 or 9 days, in the older ones, 
virus was recovered in a dilution of lO"* after 48 Iiours, but not 
after 8 and 11 da\s Pathological examination of the brain and 
cord of these embrjos 11 dajs after inoculation failed to show' an} 
characteristic lesions 

Final!} 21 of the birds which had hatched out of inoculated eggs 
or had reccned intracerebral inoculation of the mentioned embr}onic 
material and failed to show signs of the malad} for at least 40 da^ s, 
were then subjected to an intracerebral test for mimunit}’ '\11 came 
dow'ii with characteristic A E Mrus infection, thus indicating the 
absence of actn e multipl} mg a irus in the chicks and in the materials 
used in an amount sufficient to induce immunit}' ’ At the time of the 
test, the fowls were 9-10 weeks of age 

2 In Miiiccd Embryonic Tissues tii vitro Three series of cul- 
tures of this t}pe were set up In one, minced chick-embrvo brain 
plus Tyrode’s solution and 10% chicken serum ser\ed as medium 
The second series was the same as the first, except that minced whole 
chick embryo was used in place of brain In the last Ri\ ers’ medium 
was used minced chick embryo in Tyrodes solution In each in- 
stance the viral suspension as well as 2 flasks of the inoculated cul- 
ture, was titrated for determination of the viral titer at the outset 
(Similar titrations of 2 or 3 culture flasks were carried out at the 
time of transfer ) The cultures were incubated at 36 5 to 37°C 
and transfers into the respective media were made at 5-6 da\s’ in- 
tervals Each series w'as carried through 5 passages, so as to ex- 
clude any possible dilution factor of the original viral inoculum 
The results are summarized in Table I and reveal that m the culture 
of whole-embryo tissue plus serum, there was a viral titer of KT’ 
at the outset and at least KT'' in the 5th subplant, although the original 
virus Itself was calculated as being diluted to l(h* in this passage 
In the other 2 series the virus w-as detectable only through the 2d 
subplant, this corresponds to the point beyond which the virus is 
diluted out of its original activity 

Again It IS clear that the avian virus has distinctive requirements 
for multiplication such as are not found to exist for se%eral others 
Multiplication took place in minced whole embryos suspended m 
serum-Tyrode-solution mixture The brain cultures w'ere negatne 
after the 2d subplant, as were those made with minced embr\onic 
tissue m Tyrode’s solution without serum 

It would appear therefore that the virus is rapidly lost at 37" C 
unless embryonic tissue and serum are present 
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TABLE r 

Viral Actintv in Vnnous ilinced Cluck Embrvo Media 


Titer of 
stock vims 
used for 
seeding 
etd hires 


Media 

Titer of 
virus -f- media 
immediatelv 

Subplants 


set up Ist 

2d 

3d 

4th 

5th 

10-' 

Brain -f- semm 

10-3 10-3 <10— 

0 

0 

0 

10-'. 

Embrvo 

-h semm 

10-3 >10-1 

10-3 

10-1 

10-1 

10-2 

— 

Embrvo 

-p Tvrode ’a 

soluhou 10—1 > 10-2 

10— 

0 

0 

0 


Sttmutary and Discussion 1 Embnonic chicks are apparent!} 
not susceptible to infection u ith this a\ lan \ irus although birds just 
hatched are This is a striking!} rerersed state from that which 
prerails in the case of certain other riruses ^ which multipl} readi!} 
in the undifferentiated tissues of the de\ eloping embr}o but are 
inactne in the hatched chick \Vliate\er the reason ma} be a fact 
of epidemiological significance emerges the disease-agent is probabh 
not transmissible b\ wa} of the egg thus supporting the prior finding 
of Jones ' 

2 The \irus multiplied in minced whole-embrvo tissue-cultures 
III X'ltro onl} under certain indicated conditions The method in its 
present state howe\er is not fa\orab!e for obtaining large }ields of 
high!} potent mcus for use in immunizing procedures No multi- 
plication of Mrus was noted in this medium when chick-embr\o 
brain was used instead of w hole-embr} o tissue It is of interest in 
this connection that mammalian embr}o-brain cultures hare been 
found suitable for the multiplication of the neurotropic riruses of 
poliom} ehtis” and of rabies ' 

I* For a discussion and references, see Rirers, T M and Scliwentker, F F , 
J Exp iled 1932, 55, 911 , and Mackenzie, B D , Palh ond Bncf , 1933, 37, 75 

s Sabin, A. B , and Olitskr, P K , Proc Soc Exp Biol avd 3Ied , 193C, 
31, 357 

" Kanazawa, K , do/Riaccc T Exp iird , 1930, 14, 519 Webster L T , and 
Clow, A T) , J Exp ilcd 1937, 00, 125, Bernkopf, H., and Kligler, L J , Bnt J 
Exp Path , 1937, IS, 481 




684 


11303 

“Spreading” Properties and Mucolytic Activity of Leech E-vtracts 

Albert Claude. 

From Ihc Foe) efellcT Institute for Mcdteal Fcsearcli, Few Tor) City 


In addition to their well known anticoagulating properties, leecli 
extracts ha\e the pouer to increase skin permeability* Chemical 
studies from this laboratorj ha\c shown that the so-called spreading 
or “Revnals factors, cither from testicle,” or from the leech, were 
proteins ^ * Rccenth Qiain and Duthrie* found that testicular ex- 
tract would destro) the \iscosit} of the SMioeial fluid, and they ha%e 
shown that this effect was due to the action of an enzeme on a polv- 
saccharide These authors suggested that this “mucinase” and the 
testicular spreading factor might be identical If this is correct, one 
may expect leech extracts to ha\e a high mucolj-tic activity, since 
their spreading power is 50 to 100 times greater than that of 
testicular extracts In preliminary tests it was found that leech 
extract would destroy the Mscosity of chicken tumor I extracts’ 
with a remarkable speed, e\en at room temperature 

In the following experiments, the spreading power of various leecli 
extracts w’as compared with their mucolj'tic activity, as measured by 
their action on chicken tumor I mucin 

Effect of Leech Extracts on Chicken Tumor 1 mucin Previous 
work has shown that the spreading factor is located in the anterior 
part of the leech (head) * It is assumed that the substance is pro- 
duced bj the pharyngeal epithelium and pla) s a role m the process 
of feeding On the other hand, a similar extract from the rest of 
the body is found to contain very little of the same factor 

In the present experiments separated heads and bodies were ex- 
tracted in the usual vva},* with 10 to 20 times their own weight of 
distilled water or phosphate buffer at pH 7 0 and centrifuged at 
18 000 times gravit} for 2 hours These extracts were used as the 
source of enzjTne The substrates for mucolvtic activity were con- 
centrated extracts of chicken tumor I desiccates,* purified bv high 


' 1 Claud^ A- T Exp Med , 1937, OO, 353 

-DurnnKey^ale, F, J Exp Mfd , 1929, 50, 327, Hoffman D C , and Duran 
Beyunls, F, Saence, 1930, 72, 508, J Exp Med, 1931, 53, 387 McHcan, D 

T Path ond Bact , 1930, 33, 1045 

Ude, A , nnd DnraTi Bcyi..ls, F , J Exp Med, 1937, «5, GGl 
4 Oinlo, E , nnd Duthne, E S , FoU.re 1939, 144, 977 
n Claude, A , J Exp Med , 1935, 61, 27 



“Spreadixi,' Properties Leech Extracts 


685 


speed centrifugation The speed of the enz)matic reaction uas 
studied at a temperature of 25°C 

Under these conditions the leech head extract, in the concentration 
of 1%, b^ volume, uas found to ha\e a powerful effect on the 
chicken tumor mucin, brmgmg the relatne viscositj of tlie extract 
from 7 7 to 1 5 in 5 to 10 minutes At that concentration, 30 minutes 
of contact with the leech factor brought the Mscosity of the fluid 
close to that of water, the reduction m Mscosity corresponding to 
99 25% of the original \alue Leech head extract, m a final concen- 
tration of 0 01% reduced the original viscosit} by 73 6% whereas 
the leech body extract, m a final concentration of 1%, brought about 
a reduction m viscosity of 73 9% This indicates that a 001% 
head extract and a 1 % bod} extract have about equal strength, the 
former being then about 100 times more active than the latter 

The spreading power of the leech extracts was tested b} the m- 
jection of 10-fold dilutions of the solutions mixed with India ink, 
in the rabbit skin ’ ^ The head extract, at a dilution of 10^, ga^e an 
area of spread equal to 20 3 sq cm, as compared w ith 22 6 sq cm for 
the body extract, at 10"' dilution This would indicate that the head 
extract is about 100 times more actue than the bod} extract The 
above results are illustrated m Table I 
The close parallelism between the rate of action of the mucinase 
and the spreading power of different extracts is strong evidence that 
the tw o factors m the leech are identical * 

This view IS also supported b} the fact that bull testicular extract 
was about 100 times less actne than the leech extract, as regard both 
spreading pow er and mucohtic activit} 

Mechanism of Spread No satisfactor} explanation has been 
found to account for the phenomenon of spread ' The spread con- 
sidered as the result of the mucol}^;^ activit} of the spreading factor 
would assume the presence, m the skin, of a chemicall} suitable sub- 
strate for the mucinase to act upon From the histochemical studies 
of Bensle}" and S}lven' it appears that normal or patliological tissues 
contain a viscid ground substance w^hich, from its staining properties, 
resembles mucin 

In the present work freslil} remored rabbit skin was passed 
through a meat grinder and extracted by contact w ith 2 \ olumes of 
a 10% NaCl solution at 2°C for 24 hours This extract was filtered 

* The present rrork hns been confined to tlie study of changes in viseositv under 
the effect of leccli extracts assuming that the spreading phenomenon is brought 
about by similar changes in the skin without requiring necessanlv complete hrdrolT 
sis of the substrate 

OBenslcj, S H , Jnnl Fu , 1934, flO, 93 
' SvHfn, B , 1 irelioirj Arch Path Anat , 193S, 303, 280 
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“Spreading” Properties and Mucolytic Activity of Leech Extracts 

Albert Claude. 

From the FoclefeUcr Institute for Medical Fcsearch, New Tort City 


In addition to their %\el! known anticoagulating properties, leech 
extracts ha^e the power to increase skin permeability^ Chemical 
studies from this laborators have shown that the so-called spreading 
or “Rejnials ’ factors either from testicle," or from the leech, A^ere 
proteins ^ ‘ RecentK Qiain and Duthne* found tliat testicular ex- 
tract would destroi the \iscositv of the sjnovial fluid, and they ha\e 
shown that this effect was due to the action of an enzjme on a poh- 
saccharide These authors suggested that this “muemase” and the 
testicular spreading factor might be identical If this is correct, one 
may expect leech extracts to have a high mucoljTic activity, since 
their spreading power is 50 to 100 times greater than that of 
testicular extracts In prehminarj tests it was found that leech 
extract w'ould destro^ the \iscosity of clncken tumor I extracts” 
with a remarkable speed c\en at room temperature 

In the following experiments, the spreading pow'er of various leech 
extracts was compared with their mucol}tic actnity, as measured by 
their action on chicken tumor I mucin 

Effect of Lcich Extracts on Chicken Tumor I mticni PreMous 
W'ork has shown that the spreading factor is located m the anterior 
part of the leech (head) ' It is assumed that the substance is pro- 
duced b> the pharj’ngeal epithelium and plat s a role m the process 
of feeding On the other hand, a similar extract from the rest of 
the bodj IS found to contain verj little of the same factor 

In the present experiments, separated heads and bodies were ex- 
tracted, m the usual way,' with 10 to 20 times their own weight ot 
distilled water or phosphate buifer at pH 7 0 and centrifuged at 
18 000 times graiity for 2 hours These extracts were used as the 
source of enz3Tne The substrates for mucol}!^ activity were con- 
centrated extracts of chicken tumor I desiccates ° purified by high 


1 Clande, A , J Fip Med , 1937, 60, 363 

2 Duran Bernals, F , J Fry Med , 1929, 50, 327, Hoffman. D C and Duran 
Eemals, F, Science, 1930, 72, 508, J Exp Med, 1931, 53, 387 McClean, D 
T pnili and Beet , 1930, S3, 1045 

s Claude A and Dnran Bernals, P , J Exp Med , 193 1 , 65, 661 
and Dntbr.e, E ^.Mature, 1939, 144, 977 
5 Claude, A., J Exp Med , 1936, 61, 27 
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from the rest of the leech bod} A comparable quantitati^ e relation- 
ship IS found to exist beh\een head and body extracts when tested 
for another propert}, c g , their power to spread in the rabbit skin 

3 The parallelism in the strength of Narious extracts, as regards 
both mucohtic actn it} and spreading pow er, supports the i lew that 
the “mucmase ’ and the leech spreading factor ma} be identical 

4 A mucoprotein has been prepared from normal rabbit skin 5 The 
■nscosity of a skin mucoprotein solution is rapidl} and considerabl} 
reduced b} the action of leech extracts 6 The effect of leech ex- 
tracts on the skin mucoprotein iii zntro suggests that their abiht} to 
spread through the skin ma} be due, at least in part, to their pow er 
to cause h}drol}sis or depol}’merisation of the same or a similar com- 
pound 1)1 zivo 
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Effect of Synthetic Vitamin K Compounds on Prothrombin 
Concentration in Man 

P M Aggeler S P Lt CIA axd Leox Goldman 

From the Departments of Medicine and Surgerp Vnirersitp of Catifomia Medical 
School, San Francisco, California * 

The effecti\ eness of preparations of \itamin K m correcting h^•po- 
prothrombinemia has been demonstrated b^ numerous im estigators ^ 
Following the discover} of the antihemorrhagic actnit} of certain 
naphthoquinones " se\ eral s}'nthetic ciw stalhne compounds w ere made 
a\ailable for clinical use m man Butt et o/,’ * administered 2- 
meth’vl-3-h\droxA-l 4-naphthoquinone (phthiocol) in doses of 25 to 
50 mg mtra\ enousl} to 9 patients w ith obstructu e jaundice or disease 
of the Iner and 1 4-dih}drow-2-meth}l-naphthaldeh}de in doses 
of 5 to 10 mg mtra^enousI} to 10 patients witli obstructne jaundice 
These preparations were effectne m shortening the prolonged pro- 
thrombin time as calculated b\ the method of Quick No untoward 
reactions were obseiwed 

* Assisted br a grant from the Clinstine Breon Fund 

1 Quick, A J , Am J Med Set 1040, 100, IIS 

- -Vlmqnist, H J and Klose, \ 4 J Am Chem Soc 1030, Cl, 1293 

3 Butt, H B Snell, 4 iL, and Osterberg A E , Proc Staff Meet Mayo Clin , 
1939, 14, 407 

Snell 4 M , and Butt, H B JAMA, I 030 113, 20oG, footnote 41 



688 


“Spue\dinc' Properties Leech Extracts 


through paper and the filtrate treated \\ith chloroform, with oc- 
casional shaking, for another 24 hours Denatured proteins were 
discarded by centrifugation The clear solution was then dial} zed 
in cellophane bags until free of NaCl \ protein fraction, different 
from the mucoprotem, separated out on dial}sis, and was discarded 
b} filtration through paper All the operations w’ere conducted in 
the cold, to avoid the action of a mucohtic enzraie whicli might have 
been extracted from the skin, together w ith the mucoprotem 

The skin mucoprotem is rcadil} soluble in water, giving clear, 
shghtlv yellow' solutions The biuret reaction is positne Solutions 
containing 0 7 mg solids per cc ga\e a strongly positive orcinol test 
Like chicken tumor I mucin, it gives a stringy precipitate w itlr neutral 
red The behavior of the substance in acidic solution is noteworthy 
Its solubility decreases progressively down to pH 4 0, giving a floc- 
culent precipitate At pH 4 0 there is a sudden change in the ap- 
pearance of tlie precipitate which is then mucoid and contracts 
Below pH 4 0 the protein becomes more soluble but the precipitate 
retains its mucoid character Below pH 2 0 the substance is com- 
pletely soluble On account of the phy-sical change taking place at 
that point, it is uncertain whether pH 4 0 is the point of minimum 
solubility of the protein t 

A solution containing 1 4 mg skin mucoprotem per cc had a rela- 
tive viscosity of 3 46 at 25^C Addition of leech extract to a final 
concentration of 0 004% produced a sudden drop in the v'lscosity 
of the'solution As a result of 5 different tests, it appears that leech 
extracts at the above concentration and acting for 30 minutes at 
25®C will reduce the original viscosity of the solution by 68 4% 

A contact of 30 hours at the same temperature will show but a slight 
additional effect, the total reduction in viscositv amounting to 70 4% 
of the original value These results are in agreement with the ob- 
servations of Meyer and coworkers * who showed that only 69% of 
the synovial mucin was hydrolyzed by 45 hours’ incubation with a 
pneumococcus enzvTne, in contrast with 96% hydrolysis for the free 
polv saccharide, under the same conditions 

Summary and Conclu<:wtJS 1 Leech extracts contain a pow erful 
mucolytic enzyme, as shown bv its effect on the viscosity of chicken 
tumor I extracts 2 Leech head extracts exhibit a mucolytic ac- 
tivity considerably greater than that of similar extracts obtained 


^ OmucopToteto” especially to the physical properties of the 

* .,nro the solution mar contain different soluble components of the skin 
"ley" Hoty, G E , Chaffee, E , and Dairson, M H , ,r Er, dfrd 1940 

71, 137 
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We ha\e studied the effectuencss of 3 s\Mthetic naphthoqui- 
nones — 2-metIi3'l-3-h ydrow - 1 ,4-naphtlioqmnone ( phtliioco! ) 2- 
methjl-I 4-naphthoqinnone and 4-amino-2-n]etlnI-naphthoI-h}dro- 
chlonde — in 26 patients 11 having obstructs e jaundice 11 chronic 
diseases of the liver 2 acute diseases of the Iner 1 non-tropical sprue, 
and 1 gastro-cohe fistula The prothrombin concentration nas de- 
termined b} the method of Quick - All determinations were made in 
duplicate 

Plithiocolf Mas administered intraeenoush in doses of 50 to 
300 mg, of a 0 5% solution 4-amino-2-methil-naphthoI-h3dro- 
chloridej Mas administered mtra\enousl\ m doses of 5 to 30 mg of a 
01% solution Gelatin capsules containing 0 6 mg of 2-meth}l- 
1 4-naphthoquinonet dissoleed in corn oil were administered oral!} 
m dai!\ doses of 3 6 to 13 2 mg The total dailv dose was divided 
into 3 equal parts and gnen after meals Whth the cNception of 
Case 25, 100 mg of desoxycholic acid was given mth each 1 2 mg 
of 2-meth}I-l,4-naphthoquinone Bile salts were not used m Case 
25 nor gnen to those patients wdio received the intraienous prepa- 
rations 

Results \ Obstruettve Jaundice (Table I ) 

The prothrombin concentration before treatment \-aried from 3% 
to 45% and 24 hours after treatment from 60% to 130% The 
duration of the significant effect produced bj the intravenous com- 
pounds lasted in some cases as long as 7 da\ s The administration 
of 50 mo" phthiocol (Case 10) elevated the prothrombin concentra- 
tion to 50% in one hour, 60% m 4 hours and 100% in 24 hours 
After the intravenous administration of 10 mg of 4-3mino-2- 
meth} 1 -naphthol-h} drochloride (Case 6) the prothrombin concen- 
tration Mas elevated to 30% m 1 hour 50% in 4 hours 75% in 
S hours and 100% m 24 hours In Case 1 the prothrombin concen- 
tration was maintained at 100% for 3 months on a dailj oral dose 
of 0 6 mg of 2 -methyI-l 4-naphthoquinone The relatnelj poor 
response observed in Case 4 mav have been due to a severe diarrhea 
from Mhich this patient suffered In Case 6 following e\plorator> 
laparotomv a rapid diminution in the prothrombin concentration 

was observed y-r v,i tt ^ 

B Chronic Diseases of the Li ver ( Table II ) 

: Qnifk, A J , and Grossmnn, A M , Peor Soc Exp Biol. aT^Tm^ 1039, 

41 

’f Made avaUable throngli llic conrtesv of tl.e Galea Compnnv Berkeley Call 
available flirongb the coarteay of Parke Dans and Co Detroit Midi 
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The prothrombin concentration before treatment raned from 
25% to 60% and 24 hours after treatment from 35% to 60% 
The maximum prothrombin concentration noted m an} patient dur- 
ing the 6-day period following the institution of treatment was 65% 
There w as no significant rise in the prothrombin concentration fol- 
low ing treatment in 8 of the 1 1 patients studied There w as a slight 
election in the prothrombin concentration m 3 cases These pa- 
tients w'ere moribund and died Within 24 hours of the last pro 
thrombin determination Large single doses (Cases 20 and 22), 
and repeated standard daily doses (Case 21) of plithiocol did not 
elevate the prothrombin concentration be}ond that accomplished 
with a single standard dose In Case 12, 3 6 mg of 2-meth} 1-1,4- 
naphthoqmnone was gi\en orall} dail} for IJ /2 months, and no sig- 
mficant variation in the prothrombin concentration w as obserr ed 

C Acute Diseases of the Liver Case 23 (acute cholangeitis, 
acute hepatitis, and B coli septicemia) received oral dail} doses of 
3 6 mg of 2-meth} 1-1, 4-naphthoquinone The prothrombin con- 
centration before treatment was 70% and on the following 
6 days it was 65%, 50%, 75%, 80% 80% and 90% The relative 
refractivit}' and the nature of the response of this patient appeared 
to be conditioned b} the seventv of the illness Case 24 (acute 
}ellow atroph} of the liver) received 50 mg of phthiocol mtra- 
v'enouslv The prothrombin concentration before treatment and 
8 hours later w as 20% This patient died 12 hours after the last test 

D Gastrointestinal Diseases Case 25 (non-tropical sprue) re- 
ceived daily oral doses of 3 6 mg of 2-meth} 1-1 -1-naphthoqumone 
Bile salts were not given The protlirombm concentration before 
treatment was 30%, and on the following 6 da}s it was 55%, 75%, 
70%, 70%, 70% and 75% 

Case 26 (gastro-cohc fistula) was treated with 4-ammo-2-meth} 1- 
naphthol-hydrochloride and phthiocol The prothrombin concen- 
trations were as shown in Table III 


TABLE III 


Cars 

Prothrombin 
cone , % 

Days 

Prothrombin 
cont f % 

Days 

Prothrombin 
cone , % 

1* 

50 

0 

60 

21^ 

70 

O 

75 

to 

60 

Ol 

SO 

4 

55 

11 

60 

23 

TO 

5t 

60 

12t 

70 

25 

So 

6 

55 

13 

70 

2S 

70 

t 

75 

14 

TO 

36 

65 

S 

75 

19 

60 

43 

55 


‘Single intrni enons dose of 10 mg 4-amino 2 metlivl naphlliol Iirdroelilonde 
t ” ” ” ”20 " 4 ammo 2 metliTl naplithol hrdroehloride 
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Posterior PiTtiTAR\ and Urine Concentration 695 


while that of the chlorides rises With passing off of the pituitary 
effect the concentrations return to or toward their original levels 
In a consideration of these changes the following view was ex- 
pressed “It is possible that with these high rates of filtration the 
maximum absorbing capacity of the tubules is approached, so that 
changes m filtration from various experimental procedures can be 
observed in a relatively uncomplicated form 

In the previous report no estimates were made of the changes m 
osmotic concentration of the urine during the changes in filtration 
In the present study changes m depression of the freezing point have 
been used to indicate changes in osmotic concentration The finding 
that these v alues are relativel) constant has been taken as supporting 
the suggestion of the earlier report namely that under tlie conditions 
of experiment the maximum concentrating capacity' of the tubules is 
ajiproached 

E\pcnmciiinl Large rabbits, under urethane anesthesia were 
given 10% sucrose solution intravenously by means of the intra- 
venous infusion apparatus recently described from this laboratory' ' 
Urine was collected into graduated centrifuge tubes for 5-mmute 
intervals The rate of secretion always exceeded one cubic centi- 
meter per minute Chlorides were determined by a modified \^ol- 
hard- Arnold method, specific gravity by' weighing m a one cubic 
centimeter py kilometer, depression of freezing point using a Beck- 



PlO 1 

Effect of injection of posterior pitmtnrv cxtrnct on rate, cliloride content, 
ipecific grnMfv, nnd freezing point depression, of urim formed during continuous 
Intra^enoU3 infusion of 10% sucrose solution, in a rilibit Morpliine uretlnnc 
ancstlicsin 


-Katz, Gerhard Sconce, 1939, 89, 03 
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Sitvmtary Three spithetic Mtamin K compounds were adminis- 
tered to 26 patients ^\Ith h) poprothrombinemia Following treat- 
ment the prothrombin concentration (1) was markedly elevated in 
11 patients with obstructne latmdice, (2) w'as not elevated in 8 and 
onl} shghth clc\ated m 3 patients with chronic diseases of the liver, 
(3) was not eleeated in 1 patient and after an initial delae was 
eleeated m 1 patient with aaitc diseases of the Iner, (4) was mod- 
erate!} elevated m 2 patients one with non-tropical sprue, and the 
other 'w ith gastro-cohe fistula W hen considered in terms of the 
dosages emploeed, there were no significant qualitative differences 
in the relative effectneness of the three compounds No untoward 
reactions were obsened except that the patients receiving large doses 
of 4-amino-2-meth\l-naphthol-h\drochloride complained of slight 
burning pain at the site of injection 
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Effect of Posterior Pituitary Extract on Concentration of Unne 
Secreted during Osmotic Diuresis m Rabbit * 

William G Paine \nd Erwin E Nelson 

From the Dcpartvient of Pharmaeolony Tulanc University of Lomnana School 

of iSedtetne 


When 10% sucrose is infused rapidl} into the circulation of 
anesthetized rabbits, there follows the rapid elimination of a large 
amount of unne ha\ ing a sugar concentration approaching that of 
the infusion fluid, and almost keeping pace with it as to rate The 
injection of posterior pituitar} extract during this diuresis results in 
a further acceleration of rate This has been shown to be due to an 
increase in glomerular filtration * If from the calculated filtration 
using the amount of sucrose in plasma and unne for making the cal- 
culation, there be subtracted the amount of urine actualK eliminated, 
there is' obtained a figure which represents the amount of filtrate 
reabsorbed during the passage through the tubules During this 
phase of increase in filtration from pituitarj extract there not only is 
no decrease in absorption but there maj actually be a slight increase 
During this pituitar) “diuresis ’ the sugar content of urine falls 


~ • Snpaortcd~rn part hr Grunt No 315 from the Oountil on Plnrimcy nnd 
*1, nf the American Medtcnl Association 
TNel"on,E E.d Tl.crop 1934,52 IS 4 
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In this communication wish to report the finding of a per- 
fusate of ischemic kidneys which causes the elevation of blood 
pressure following the release of complete renal ischemia Until 
the precise nature of the active principle has been determined, we 
propose tlie name ischemin, which may be defined as the pressor 
substance contained in perfusates of completely ischemic kidneys 
and which is responsible for the hypertension resulting from the 
release of total renal iscliemia For convenience, the renal per- 
fusate containing the pressor substance will also be termed iscJiciitut 

The results of the observations made thus far are summarized 
briefly 

In 8 experiments, cats were anesthetized \v ith ether and the renal 
pedicle of one kidney clamped After 4 to 6 hours the animal was 
reanesthetized wuth nembutal, the blood pressure recorded from the 
carotid arterv and bodi the normal and ischemic kidneys removed 
Within 5 minutes following the removal of the kidneys, both renal 
arteries were cannulated and the kidneys perfused with 1 cc of 
warm saline per gram of kidney The perfusates were then injected 
intravenously into the same animal The perfusates of the ischemic 
kidneys uniformly gave a marked and prolonged rise in blood 
pressure, amounting to as much as 100 mm of Hg, whereas those 
obtained from die normal kidneys had no pressor effect 

Perfusates of ischemic hind limbs of cats were found to contain no 
pressor substance 

The first series of experiments havung demonstrated the presence 
of pressor material (isclicimn) in perfusates of ischemic kidneys it 
was decided to determine whether this substance w as responsible for 
the hv^ertension resulting from the release of complete renal ischemia 
(Taquinr) If irr/iciiiiii causes this rise in blood pressure, there 
would necessaril) be less tsclicimu in the perfusate of the kidnev, 
the circulation of which has been reestablished than m a control 
ischemic kidnev in which the circulation has not been reestablished 
For this reason the follow mg experiment w as dev ised 

Both renal pedicles of 22 cats w ere clamped under ether anesthesia 
After 4 to 6 hours the animals were reanesthetized with nembutal 
and the blood pressure recorded from the carotid arterj In each 
instance, upon reestablishing the circulation of one kidnej , the usual 
rise in blood pressure took place" The other kidnev was not un- 
damped Fifteen minutes later both kidnejs were remov^ed and 
perfused in the manner previouslv described The perfusate of the 
released kidnev was injected intravenouslv into the same animal 
followed after a suitable interval bv the perfusate of the unreleased 
kidnev 
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man thermometer m the usual manner When the rate had been 
constant for at least 4 5-mmute periods posterior pituitan extract 
was given intravenously, m amounts of the order of 004 Inter- 
national Units per kg body weight 

As m the previous stud), this amount of pituitary was followed 
almost invariably by an increase in both rate and chloride content 
Sucrose determinations were not made, but in the preMOus series 
it invariably fell Specific gravit) either fell or remained constant, 
and the freezing point remained practicall) constant The results, 
which were consistent throughout are illustrated in the record of 
a single experiment show n in Fig 1 

Coiiclusipus The finding that the osmotic concentration, as 
re\ealed by the depression of the freezing point remains constant 
during the action of pituitar) extract on the diuresis induced b) 
rapid intravenous infusion of sucrose solutions lends support to the 
•\iew that the absorption capacity of the tubules has been reached 
under these conditions of experiment 
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Etiology of Hypertension Due to Complete Renal Ischemia 

M\rox Prinzmet\l * Har\ey Lew is ^xd Sidney Leo t (Intro- 
duced b) Ella H Fishberg ) 

From the Unirereity of Sontbem Cahfornui JfedtrnJ 'tehool 


It is generally agreed that the hvpertension which develops in 
experimental animals as a result of partial* or complete* ischemia of 
the kidne)S is of humoral and not of ner\ous origin 

Although remit, a pressor extract prepared from the renal cortex, 
has been implicated by some observers^ * neither this product nor 
an) other has to date been proved to be the substance responsible for 
ischemic hypertension 


* DflEinn Fellow 
t Beaumont Beaearcli Fellow 

1 Goldblatt, H , Lynch, J . Hanzal R F , and Summerville W W T Erp 

f,Sev Soc aryent de b.ot 1938, 14 422 
sPnnimetal, M, and Fnedman B Psoo Roc Exp Biol and Med 1930, 

hLcisou, T B , Blalock, A , and Mason M F Proc Ror Exp Biol. 

Med , 35, 38 


AND 
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TABLE L 


Time 

Pressor effect 

3 24 

40 mm He 

3 60 

32 

4 17 

28 

4 27 

24 

4 33 

14 

4 43 

14 

5 05 

12 


The amount of renin in extracts of norma!, unreleased ischemic 
and released ischemic kidnejs is now being in\estigated 
Ischcnnn exhibits the following characteristics 
a Tach}ph}la\is B) this is meant that repeated injections of a 
pressor substance into the same animal cause decreasing effects An 
example in the case of ischoniu is shown m Table I 

b The boiling of ischenttn for 5 minutes destrojs the active 
pressor principle 

c The action of iscJietiiiit is not re\ersed b} 933F (pipendo- 
niethyl-3-benzodto\ane) 

From these experiments it is concluded that as a result of complete 
renal ischemia pressor material ( tschctnin ) accumulates in the ktdnej. 
and IS readih washed out into the general circulation when the 
renal lilood flow is reestablished or b) artificial perfusion of the 
extirpated organ This is the first time a pressor substance has been 
obtained which has been pro\ed to be the cause of hj'pertension 
due to renal ischemia 

Tins sulistance ( i^cltcniiii } has certain properties in common with 
runn destniction In lieat similar character of the pressor curves 
the propertv of tachj'phv laxis and failure of 933F to abolish tlie 
pressor reaction'' but until dccisne pin siologicai and chemical 
studies ha\t been performed no definite statement should be macie 
concerning the relationship of these two products, nor to the heat- 
stable renal pressor substance w Inch has recentlj been described ' 

■ Kitz, L X , and Fncdbcrg, h , Am T Plii/swt^ 1939, 127 , 27 
0 Victor, J , Steiner, A., and U cek* D M , Proc Soc Exp Biol. \xd Med , 
1939, 42, 707 
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It \\as found that the perfusate of the unreleased kidne\ showed a 
significant!) greater pressor effect than that of the released kidne), 
tlie average rise in lilood pressure being 33 mm and 16 mm of Hg 
respectuel) 

Tlie smaller pressor response of the perfusate of the released kid- 
ne) , as compared w ith that of the unreleased kidney, is readil) ex- 
plained b) the washing out into the general circulation of some (or 
all) of the isc/uimii from the released kidne) upon remo\al of the 
clamp 

The perfusate of the released kidne) was mtentionall) injected 
first because of the phenomenon of tach)ph\laxis (see ischomn 
characteristics a) Except for this phenomenon, the difference in 
pressor response w ould have been considerabl) greater 

Additional e\ idcnce that tsdu mtn is the substance responsible for 
the In’pertension occurring after re&tabhshment of the circulation 
of completel) ischemic kidneys follow s 

1 933r (piperidomethyl-3-bcn7odioxane) does not rererse the 
rise 111 blood pressure following reestablishment of the cirailation 
of completel) ischemic kidne) s or the pressor response to ischcmui 

2 The blood pressure curre following reestablishment of the 
circulation of completeh ischemic kidneys is similar to that produced 
h) intravenous injection of tsehemtn 



Fio A Fia B 

FlO A 

Vt first arrow, intrarcnous injection of perfusate of normal right cat ’s kidney 
At second arrow, injection of perfusate of same animal’s left kidnev rendered 
completely ischemic for 6 hours ^ 

Five hours previously, both renal pedicles clamped At first arrow, clamp 
moved from left renal pedicle At second arrow, intravenous injection of per 
fMate of left (released) kidney At third arrow, injection of perfusate of right 

^“^"em^Ma^ Shes.a Time 15 second intervals 
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TABLE L 


Time 

Pressor effect 

3 24 

40 mm Hg 

3 50 

32 

4 17 

28 

4 27 

24 

4 33 

14 

4 43 

14 

5 05 

12 


The amount of rciiin m extracts of normal, unreleased ischemic 
and released ischemic kidneys is now being in\estigated 
Ischemin exlnbits the following characteristics 
a Tachyphylaxis By this is meant that repeated injections of a 
pressor substance into the same animal cause decreasing effects An 
example in the case of isclicmui is shown in Table I 

b The boiling of ischcmtn for 5 minutes destrojs the active 
pressor principle 

c The action of ischonui is not reversed by 933F (piperido- 
methyl-3-benzodioxane ) 

From these experiments it is concluded that as a result of complete 
renal ischemia pressor materia! ( isdiauiu ) accumulates m the kidney 
and is readih washed out into the general circulation when the 
renal blood flow is reestablished or b} artificial perfusion of the 
extirpated organ This is the first time a pressor substance Has been 
obtained which has been pro\ed to be the cause of h}pertension 
due to renal ischemia 

This substance ( i^chctnin) has certain properties in common with 
rLtiin destruction b^ heat similar character of tlie pressor cur\es, 
the propert) ol tach\ ph\ laxis and failure of 933F to abolish tlie 
pressor reaction'' but until decisne ph}siological and chemicAl 
studies Iia\e been performed, no definite statement should be maefe 
concerning the re'ationship of these two products, nor to the heat- 
stable renal pressor substance w Inch has recentl) been described ® 

■' Kati, L N , and Friedbcrg, h , Am J Phyttol , 1£>3<1, 127, 27 
0 Victor J , Steiner, A , and M eeks, D M , Prog Soc Exp Biol avd Med 
1939, 42, 7G7 
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Method for Obtaining Group A Hemolytic Streptococci Sensitive 
to Reaction of Capsular Swelling 

A Rivfret (Introduced bj Arthur F Coca ) 

from the Sewarcli Department of Ledcrle I ahoratone't, Inc , Peart River, Rew 

Tori 


The folloMing experiments are an approach to the problem of 
mouse virulence and t) pe-specificiti of Lancefield Group A beta 
hemolytic streptococci from the standpoint of encapsulation and 
the reaction of capsular swelling wuth homologous serum Many of 
our stock cultures were avirulent with little or no demonstrable 
capsules Attempts to produce capsular swelling w ith these organ- 
isms w'ere unai ailing Further, although capsules were at times 
noted on our most \ irulent cultures, all attempts to produce capsular 


sw ellmg were negative 

It has been shown by Dawson,^ Seastone,* Loew'enthaP and otliers 
that encapsulation of hemoljlic streptococci is an attribute alwajs 
accompanying highl) virulent invasive strains Loewenthal’ re- 
garding tire encapsulated organism as capable of evoking protective 
antibodies used only thi,, tjiie of organism in producing protective 
antisera He succeeded in making antisera from mucoid and non- 
mucoid strains, but in either case he emphasized the presence of 
capsules In an earlier paper* he noted the “swelling” of tliese 
capsules with the addition of homologous serum to the organisms * 

The logical approach to the problem of increasing v irulence is bv 
mouse passage For our purposes this method offered certain dif- 
ficulties Parish and Okell ^ Pulvertaft,' and Hartle>' have shown 
that streptococci elaborate toxins which are lethal for mice Todd® 
further showed a limited protection with an antitoxin (antistrepto- 
lysin O) against living cultures of streptococci injected into mice 
From these experiments it is clear that toxemia may m large meas- 


H , Hobb^ L , and OlniBtend, M , J Inf Dis 1938 C2, 138 
2 Seastone, C V , J 

3Loowentl,al,H,Bnt J 

4 Loen-enthal, H., Snt J Exp Path , 1934 liS _98 

* It Blionld be noted tliat these organisms fall serologicnllv into Iiancefleld ’s 


‘^TpLh H J, and Okell, C C, / Path Pact 1927, 90, 521 

0 Pulvertaft, K J ^ ‘ 

T Hartley. F , Bnt / Ezp Path , 1928, », 259 
8 Todd, E w , Bnt J Exp Path 1938, 19. 30i 
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ure, be responsible for the deaths of mice injected ^\lth In mg strep- 
tococci 

Believing that a death for hich a septicemia v as entirel) respon- 
sible would yield an organism better suited to our purpose, scarlet 
fever antitoxin was injected simultaneously with culture into the 
mouse peritoneum It was thought that the inhibition of toxin 
production or the neutralization of toxin as quickly as it w as formed 
w'ould accomplish the desired result 

Procedures 1 Mouse Passaqe Thirteen strains onginall} ob- 
tained from Griffith and representing 13 serological tjqies in his 
classification (tj’pes 1, 2, 3, 9, 10, 12, 13, 14, 15, 23, 25, 26, 28) 
w'ere used Cultures w ere taken from vacuum tubes planted in beef- 
infusion broth w'lth 10% of normal horse serum and incubated at 
37° for 18 hours Five-tentlis of a cubic centimeter of the culture, 
in each case, was inoculated into another tube of serum broth and in- 
cubated at 37°C for 4 hours , 0 5 cc of the dilution containing approx- 
imately one lethal dose was injected simultaneously with 0 5 cc of 
unrefined scarlet fe\ er antitoxin! into a mouse The mtraabdominal 
route was used 

Immediately upon the death of the mouse (5 to 24 hours) the 
spleen was excised aseptically and macerated in 1 cc of sterile pep- 
tone w'ater To one-half cc of this suspension, one-half cc of anti- 
toxin was added This mixture was immediately reinjected into 
mice 

After excision of the spleen the heart s blood w as inoculated mto 
serum broth When growth w'as sufficient, a capsular swelling 
preparation was made and the reaction noted 

Upon the death of the mice injected with the splenic material, the 
culture was again tested for capsular swelling When positive reac- 
tions w ere consistently obtained, the cultures w ere put under vacuum 
and stored at 4°C 

2 Action oil horse blood agar Stock cultures and antitoxin- 
treated cultures w'ere plated and anj lariations noted The stock 
culture plate served as the control 

3 Grozuth III scriitii broth Cultures w ere grow n m serum broth 
for varjing periods of time at 37°C and room temperature (1 to 72 
hours) the macroscopic and microscopic conditions of the growth 
were noted Microscopic examination was made primanh to ascer- 
tain the presence or absence of capsules 

4 Capsular sivcUing preparations 

a 1 mm loop of culture 


t 200 to 500 units U S P H S or 10,000 to 25,000 onginnl neutralizing units 
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b 5 mm loop of antiserum 
c 5 mm loop of methjlene blue 

d Incubation at 52° for varying periods of time to 24 hrs) 

e Control with saline or with heterologous serum for the de- 

tection of cross reactions 

Results The results of these experiments may best be shown by 
a comparison with beta hemolytic streptococci not so treated The 
treated organisms generally show encapsulation which is readil} 
accentuated by the presence of specific antiserum The virulence of 
the treated organism is increased and the hemolytic zone around the 
colonies is altered These results are showm m Table I 

Snmiuary A method of obtaining virulent, encapsulated group A 
beta hemoljtic streptococci, sensitive to the reaction of capsular 
sw'elling w'lth homologous antisera, has been described Essentially 
this consists of the injection of living streptococci into mice simul- 
taneousl) treated with unrefined scarlet fever antitoxin 


TABLE I 


Untreated 


Treated mtli Antitoxin 


a Hemolytic zone aliarplr defined and 
transparent 

h No pigment was ever noted on base 
of colony 

e Smooth or rough colonics 


1 Action on horse blood agar 


2 Growth in broth 


Hemolytic zone frequently not sharp 
ly defined and is generally trans 
lucent (18 to 24 hours) 

Base of colony freqnentlj showing 
rose to deep rose shades 
Smooth colonies 


fi Often flocculent with sediment 
h Capsule not visible in ordinarv wet 
methylene blue preparation 
c Soon loses capsules in broth ns shown 
by dry capsule stains 


wet 


a Invarinblv of even turbiditr 
6 Capsule frequently visible in 
methj, lene blue preparation, 
c Capsules observed with capsule stains 
after 48 hours in many cases 


3 Capsular swelling 
Negative with specific antiserum a Positive with antiserum This rear 

“ tion IS unmistakable 

4. Agglutination. 

Organisms readily agglutinated with a To date these organisms have proved 
homologous serum using rapid slide 
agglutination teat 

May or may not be virulent 
If vdmlent, 10 lethal doses generally 
kill in 16 to 48 hr 
Many mouse passages are necessary 
to build virulent strains. 


inagglutinable inth homologous 
serum, using rapid slide test 
Virulence for mice 

a Virulent (10—* to 10-8) 

6 10 lethal doses kill in 6 to 12 hr 


0 With strains so far employed a rela 
lively few passages (1 to 10) are re- 
quired to obtain the desired vimlence 
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Ongm of L Type Colonies m Bacterial Cultures *7 
L Diexes 

From the Departments of Pathology and Bactenoloqy, Massachusetts General 

Sospital, Boston, Mass 

Small secondar} colonies corresponding morphological!} to } oung 
colonies of the LI strain isolated b} Klieneberger from cultures of 
Streptobaallus momhfariiits, ha\e been obsened occasional!} in 
cultures of larious Gram negatne bacteria ^ In all cultures m which 
such secondar} colonies developed a large number of bacteria s\%elled 
up into large deeply stained spherical or fusiform bodies It was 
first seen in a culture of Bacillus ttifluenca: that occasional!} L U-pe 
of colonies developed from the large bodies Later this process was 
observ ed repeated!} m the cultures of 2 colon bacillus strains 

After 24 hours of growth the colonies of these strains consisted 
mainl} of large spherical bodies In order to observe the develop- 
ment of these large bodies in these 2 strains different procedures 
proved to be helpful The colonies of one strain were ver} 
tenacious and w hen an impression of the colonies vv as made on blood 
agar plates onl} the large bodies vv ith v er} few bacteria, vv ere trans- 
ferred After 6 to 12 hours fine curved filaments grew from the 
large bodies into the agar and after 24 hours about two-thirds of 
them developed into tm} L t}'pe colonies With the other strain a 
similar process was observed when a broth culture was transferred 
on blood agar plates after var}mg time intervals In the transplant 
made after 24 hours’ growth man} large bodies were vnsible on the 
agar surface Onl} a few bacterial colonies developed in these 
plates but after 6 to 12 hours the large bodies began to germinate 
and produced L tv^pe colonies Transplants made from the broth 
culture after 48 hours, gav e onh abundant bacterial growth With 
either strain L t}"pe colonies dev eloped on!} at the places w here large 
bodies w ere present Therefore it is extreme!} unlikeh that the L 
t}pe colonies develop from invisible granules attached accidentallv 
to the large bodies or from regularlv shaped bacteria In trans- 
plants made vv ith platinum loops from agar cultures the dev elopment 

' The expenses of this investigation have been defrared, in part, bv a grant 
from the Commonwealth Fund 

1 This is publication ^Cumber 43 of the Robert W Lovett ilemonal Fund for 
the stndv of crippling disease. Harvard Jledical School, Boston, ilass 

1 Dienes, L,, Peoc Soc E x p Bion. axd IhSS, 42, 630 
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of the large bodies into the L tj-pe colonies was difficult to demon- 
strate because the agar was overgrown by bacteria 

Subsequent to these observations it w'as found that the germination 
of the large bodies of Strcptobacillus moniliformis could be ob- 
served if appropriate media were employed The best results w'ere 
obtained with an alkaline meat infusion agar (pH 8 2) without the 
addition of blood or ascitic fluid A freshly isolated strain of 
SlrcptohaciUus moniliformis w'as used After 24 to 36 hours' 
growth on ascitic fluid media the colonies of this strain consisted 
mainl} of large spherical bodies On tbe alkaline agar macroscopic 
growth was observed only in thicklj seeded areas This growth 
consisted of regular Strcptohacilh show mg little pleomorphism The 
remains of the abundant transplant degenerated and could not be 
stained In the thinly seeded areas bacterial growth w'as absent but 
the large bodies remained well preserved and deeply stained From 
a large number of them tiny LI colonies were seen to grow' m a 
manner similar to that noticed m the colon bacillus cultures No L 
t}'pe colonies de\ eloped in the absence of the large bodies Tempera- 
ture between 25-30’C was most favorable for the germination of the 
large bodies 

According to these obserAations there are two stages in the de- 
velopment of L colonies One first notes that the bacteria swell and 
form large deeplj stained bodies Under appropriate cultural condi- 
tions these germinate and produce the L t)'pe colonies In cultures 
of LI strains growth may be transmitted b) small filter-passing 
elements The transition from regular bacilli into the L form seems 
to occur through the large bodies The significance of these tinj 
colonies, consisting often of \en' small elements, developing from 
the bacteria in this peculiar way is verj' puzzling The LI strains 
are antigenically similar to the Strepiobaallus mombformisp * and 
occasionalh re\ert to the tjqjical Strepiobaallus - * These studies 
leave no doubt that the LI strain is a variant form of the Strepto- 
baalliis and not an extraneous element in the cultures In tlie case 
of other bacteria w'e can infer only by analogy that thej represent a 
variant form 


2 Dienes, L, J I”f -*■ 

3 Klieneberger, E , J B.yg , 1938, 38, 458 

^ n T. 'Tmn 


3 KJieneborger, Xj , » 

4 Dni\son, M H , nnd Hobtv, G L, Transactions Assn Am Phy 
329, Third Internntionnl Congress for Alicrobiology, Abstracts of 
hons. New York, 1939 


s 1939 44, 
Communica 
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Reversibility of Quellung Phenomenon on Addition of Type- 
Specific Polysaccharide * 

W J Nungester A^D Alice H Kejipf 

From the Sygientc Laboratory, University of Michigan, Ann Arbor, Mich 


Although pneumococci can be typed directly from sputum it has 
been recognized that the results are sometimes unsatisfactory 
Taplin, Meneelj and Hettig^ have outlined an improved method using 
fresh sputum to obtain the Quellung phenomenon Essentially, this 
method consists of breaking up and suspending the sample m saline, 
centrifuging, and using the sediment for typing The authors sug- 
gested that the water-soluble capsular polysaccharide might well be 
the interfering substance, which was removed by their technic 
In work published elsewhere,' it has been determined that in 
undiluted samples of ground lung from pneumonic rats, pneumococci 
present did not give the Quellung reaction with specific antiserum 
The reaction did occur if the material were sufficiently diluted \\ith 
PSS Heidelberger’ has shown that excess of antigen prevents 
visible evidence of antigen-antibody reaction, and has ably discussed 
the reversibility of the precipitin and agglutinin reactions Since the 
above findings indicated that excess antigen prevented the occurrence 
of the Quellung reaction, it seemed tliat reversibility of this phenome- 
non might likewise take place Hence, the following experiments 
IV ere performed 

In each of 4 serological tubes were placed 0 1 cc of a broth culture 
of Type I pneumococcus and 0 1 cc of undiluted tj-pe-specific rabbit 
antiserum, after a short interval, the pneumococci were examined 
for the presence of swollen capsules These were uniformly present 
Then 0 1 cc of dilutions of Type I polysaccharides were added to 
each tube to give final amounts of 1 0 mg, 0 1 mg, 0 01 mg and 
0 001 mg in 0 3 cc of fluid, respectively Five minutes later, the 
preparations w ere reexamined In the first 2 tubes, the sw ollen cap- 
sules had disappeared In the last 2 tubes, no change was observ^ed 
A similar reaction was seen emploving Type III pneumococcus 
However, the Tvqie III specific polysaccharide was partially effective 

• These studies were aided a grant from the Horace H Rackhnm Sihool of 
Graduate Studies 

1 TapIin, G V , Mcneelr, G R , and Hcttig, H A , J J Jf J , 111, 410 

- Kempf, A H., and Xnngestcr, VV J,J Infect Lts 1030, Oj, 1 
3 Heidelberger, Vt , Fact Fcr 1030, 3 40 
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in causing this reversibility, when 0 01 or even 0 001 mg of the sub- 
stance was added to the tubes containing previously su ollen capsules 
The specificity of tins reversibility was indicated by the fact that 
addition of Tj^pe I polysaccharide failed to reverse the reaction 
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Effect of Sulfapyridine, Sulfathiazole and Sulfamethylthiazole 
upon Severe Staphylococcal Infection in Mice * 

Eleanor A Bnisst and Earl Ott (Introduced by P H Long ) 

From the Biological ZJitiimon of the Department of Medicine, The Johii^ Bopl ins 
Uniicrsity Medical School and The Johnt [tophms Hospital, Baltimore, Maryland 


111 previous reports’ ■ it was shown that while sulfanilamide tliera- 
pj had a slight effect upon the course of staphylococcal infections in 
mice the use of sulfapjndine markedl> prolonged the lives of the 
infected animals In a few- instances the mice treated w'lth sulfapyn- 
dine surs'ived 2 and 3 months^ E\entuallv, however, they suc- 
cumbed showing at postmortem, abscess formation in the kidnejs 
and liver 

Prehminarj studies* ° in which the tit vitro effect of sulfathiazole 
was tested indicated that this compound inhibited the growth of 
a number of microorganisms, including staph) lococci, to a greater 
degree than did sulfanilamide and sulfapyridine It was then con- 
sidered worthw'hile to compare the activit) of this compound and of 
sulfapyridine in the treatment of sevxre staph) lococcal infections in 
mice Later the activities of sulfathiazole and sulfamethylthiazole 
were similarlv comjiared 

Methods The mice were infected b\ the intravenous injection of 
heavy broth suspensions of a strain of Staphylococcus aureus which 
had been isolated a )ear previously from a patient, ill with a lung 
abscess The metliod is given in detail elsewhere ’ 

* This stndy wns supported by the Chemicnl Foundation, Inc , of New Tori. 


Fellow in Medicine, Tlie Johns HopKins University JtedicBl School, on a grant 
from the Calco Dimeion of the American Cvanamid Company 

1 Feinstone, W H , Bliss, E A , Ott, E , and Long, P H Bull Johns HopUns 


XIo^v 1038* 

S Bhsa, E A , and Long, P H , Pkoc Soc Exp Biol and Med , 1939, 40 32 

s Unpublished observations -.n.n 

•1 La^ence C A , Psoc Soc Exp Biol, and Med , 1940, 4S, 92 
B Long, P H , and Bliss, E A , PROC Soc Exp Biol and Med , 1940, 43 324 
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TABLE L 

The Effect of Diets Contaimng 1% Snlfapnidme, 1% StUfathiazole or 195- Snlfa 
methylthiatole upon the Sorrival Tune of jjice Infected mth Staphylococcus aureiio 


Day of 
eipenment 

•Senes A 


t Senes B 


Senes A 

Senes B 

30 

X 

a 

c. 

Xo of mice 

49 oO 19 

2 D 

lE. ’c 

^ 

^ a ^ 

X X o 

Xo of mice dpng 

30 

X 

30 

O 

N 

tCZ 

02 

Xo of mice 

20 20 30 30 

o 

"c 

ts 

2 o ^ ^ 

E E c ^ 

IH b 

ro K QC X 

Avg dailr consumption 
of drug — mg/mouse 

—2 

(before infection) 



not measured 

: 205 

18 9 

~i 







22 5 

22 4 

20 6 

24 7 

1 

14 

11 

4 

3 

0 

0 

6 5 

14.6 

145 

14 3 

2 

1 

3 

4 

0 

0 

1 

2L7 

31 6 

23 5 

22 0 

3 

4 

1 

1 

7 

1 

1 

235 

26 1 

29 5 

23 9 

4 

3 

1 

0 

4 

0 

3 

29 9 

30 5 

28 7 

29 3 

5 

2 

3 

1 

2 

1 

1 

301 

30 6 

31 2 

30 5 

6 

0 

1 

1 

i 

0 

0 

27 6 

30 8 

28 2 

31 2 

7 

3 

4 

2 

2 

1 

0 

not measnred 

1 29 0 

27 8 

8 

2 

9 

1 


1 

0 



32 5 

28 3 

9 

0 

5 

10 


0 

1 



29 3 

30 6 

10 

0 

3 

7 


0 

e> 



261 

29 3 

11 

0 

0 

3 


1 

0 



25 2 

23 2 

12 

0 

1 

1 


0 

0 



26 6 

27 7 

13 

0 

1 

10 


1 

2 



23 4 

24 5 

14 

1 


2 


1 

1 



27 3 

26 4 

15 



1 


1 

2 





16 



0 


4 

1 

4.vg per monsc/day 

17 



0 


1 

1 

23 0 

20 6 

26 8 

25 C 

IS 



0 


1 

5 





19 



0 


1 

3 





20 



1 


6 

1 





21 



0 


3 

1 





oo 



0 


1 

1 





23 



0 


0 

2 





24 to 30 



0 


0 

0 





Survivors (30 











dnvs) 

0 

0 

1 

0 

3 

1 





Afcan survival 











time (davs) 

2 SO 

5 86 

0 04 

3 18 

16 03 

14.20 




lledian survival 










time (davs) 

20 

7 0 

9 1 

25 

17 0 

16 0 





c 

3 07 

3 78 

5 19 

17 

7 46 

6 90 




Standard error 










of mean 

0 5G 

0 54 

0 74 

0 38 

1 36 

1 2C 





Standard error 










of median 

0 70 

OOS 

0 93 

0 49 

1 70 

1 5S 





•Senes \ IS a sammarr of 3 experiments started on 12/13 and 14/30 ond 
1/5/40 The mice received 2 billion 175 million and 2 billion cocci on the 
respective dates Therapv maintained 7 davs after infection Drag consumption 
ivas determined onlv in last eipenment 

tSencs B 15 n summarv of 2 eipenments started on 1/25 and 20/40 Tlie mice 
received 2 billion and C billion cocci on the respective dates Therapv maintained 
for 2 whs after infection Drug consumption was determined in both eipenments 
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Treatment was earned out by administering the drug in the 
animals’ diet This method w'as selected because it is the simplest 
and at the same time, as McKee and her associates pointed out,* 
the surest means of maintaining a fairlj even concentration of these 
drugs in the blood of the mice The diet consisted of well ground 
Purina Dog Qiow The drug was added to this in an amount 
sufficient to give z \% concentration and the tw o were mixed care- 
fully and thoroughly The mice were kept in indn idual cages The 
drug-diet mixture, offered in containers as described bv Bieter ct al ^ 
was weighed daily in order to ascertain the amount which had been 
consumed Treatment w'as carried out in this way for 2 days prior 
to infection and, in the first senes of experiments, for one week 
thereafter, in the second for 2 weeks 

Results The results are showm in Table I The mice consumed 
approximately equal quantities of the 3 drug-diets In the first 
series of experiments the mean survival times were 2 86 days for the 
untreated animals 5 86 days for those treated with sulfapyridine 
and 9 04 days for those treated w itli sulfathiazole These differences 
are statistically significant When the median survival times are 
calculated the difference between the survival times of the sulfa- 


thiazole and sul fapyridine-treated animals (9 and 7 days respec- 
tively) IS less obviously significant Sulfathiazole and sulfamethyl- 
thiazole, as shown in the second series of experiments, were almost 
equally effective in prolonging the lives of the infected animals 
The difference in the results with sulfathiazole in the two experiments 
is, of course, due to the fact that therapy was maintained tw'ice as 
long in the second series It is interesting that in botli senes the 
average mouse treated with sulfathiazole surMved just 2 days 
after treatment was discontinued 

Discusstou These results are in accord, as far as the comparison 


of sulfatlnazole and sulfapyridine is concerned, with those of Barlow 
and Homburger ® when allowance is made for the differences m the 
two technics Tliey do not agree with these authors results with 
sulfathiazole and sulfamethylthiazole since they found sulfamethyl- 
thiazole to be the more effective of the tw o compounds, and w e found 
no therapeutic difference between them The superiority of sulfa- 
methyltlnazole in the hands of Ba rlow and Homb urger is probably 

6 HcKee, C M , Hake, G^ey, Greep, H 0 , and vnn BH^iTiT^oc Soc 

Exp Bioi, aot> Med , 1939, 42, 417 

7 Bieter, H N , loarson, W P , CmMton, E it, and Lenne, Milton J Pharm 
nvd Exv Thcrap Ptoc^ 1939, fiv, 3 

8 Barlow, O W , and Homburger, E , Paoc Soc Exp Biol, and Med 1939, 


42, 792 
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attributable to the fact tliat after the first 32 hours in their experi- 
ments the drugs u ere gi\ en in single dailj doses and as sulfathiazole 
IS excreted more rapidh than its meth) i deri\ ati% e, the blood le\ els 
obtained u ith it u ould ha\ e a lou er dailj a^ erage 

Summary and Couchtswns Sulfathiazole and sulfamethylthia- 
zole, administered as 1% of the diet showed a distmct and equal 
therapeutic \alue in prolonging the Ines of mice hea^^I} infected 
with Staphylococcus aureus Sulfathiazole proved to be somewhat 
more efficient in this respect than sulfapjTridine 

We are indebted to E R Squibb and Sons and the Calco Chemical 
Dnision of the American Cjananud Companj for the sulfathiazole 
used in these experiments and to the Department of Aledical Re- 
search of the Winthrop Chemical Compan^ for the sulfamethjl- 
thiazole 
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Effect of Pregnenmolone (17-Ethinyl Testosterone) on Genital 
Tract of Immature Female Rats 

U J SA.LMON' AXD A xA. SaLMOX 

From the iMhoratones of the iiount Sinai Eoepttal \etr Tor! City 

It has prcMoush been shown that testosterone, when adminis- 
tered to immature female rats, exhibits 3 biological properties 
(a) it is gj-necogemc causing premature opening of the I'agina' and 
growth of the epithelial and muscular elements in both the \agina 
and uterus,- ^ (b) it is androgenic, causing growth of the clitoris 
and preputial glands * ’ (c) it is hypophj seotropic stimulating the 
hj-pophrsis to secrete gonadotropic hormone which is manitested b) 
growth of follicles and appearance of corpora lutea in the o\aries 

1 Buleaandt, A., and Kndzas, H , Bappc Seyier’g Z , 1935, Tl, 237 

- KoTOBclieTskT Dennison, M , and Hail, K. Stochem J 1037, 31, 7Sp 

2 Salmon, TJ J Endoennoloov, 1‘138, 29, 779 

Salmon IT J , Pboc Exp Biou asd ilcD , 1038, 3S 352 

- Xatluinson I T , Franseen C C, and Sweenev, A IL, Jr , Peoc Soc Exp 
Biol, xvd Hed 103S, 39 3S5 

r ‘=tarker, W F and Lealhem, J H., Peoc. Soc Exp Biol. ant> Hed 1035 
30, 218 

- Freed s C Grcenliill, T P.. and Soskin, S , Peoc Exp Biol ivd Meo 
103 s 30 440 
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Recentlj , Inhoflfen and coworkers® have added an ethinyl group to 
testosterone at the 17th carbon atom, producing a compound 
pregnen-in-20-on-3-ol-17, 17-ethin)l testosterone, pregneninolone) 
winch, chemically, is closely related to both testosterone and pro- 
gesterone. Inhoffen and Holweg" Ime shown that this compound 
has a progesterone-Iike action m immature rabbits and is, further- 
more, active when administered orally Ruzicka, Hofmann and 
MeldahP” made essentiall) similar observations In humans, the 
compound has been shown to produce a progesterone-hke effect on 
the estrogen-pnmed endometrium” *- and to cause uterine bleeding 
m cjchcal and amenorrhoeic women ” 

The present study w'as undertaken to determine the biological 
properties of this compound m the immature, intact and ovariecto- 
mized female rat The pregneninolone* w as dissolved m sesame oil, 
in concentration of 1 mg per cc of oil, and administered subcu- 
-tancousl) Twelve httermate immature, female rats (3 litters), 30 
dajs of age, were injected daily with 0 5 mg of pregneninolone, for 
3 days and sacrificed at the end of 96 hours 

Opening of the vagina occurred on the 3rd day, m all injected 
animals, after the animals had received a total of 1 5 mg of pregnen- 
inolone Vaginal smears revealed a complete comification reaction 
in all In the animals sacrificed at the end of 96 hours, tlie ovaries 
did not reveal macroscopic evidence of follicle stimulation or corpora 
lutea , the uteri, clitoris and preputial glands, m each case, were defi- 
nite!) enlarged and abundant secretion could be expressed from the 
latter 

Microscopic examination of serial sections of the ovaries failed 
to reveal any evidence of follicle stimulation or corpora lutea On 
section, the muscular coats of the uteri were found to be moderately 
hj-pertrophied, as compared with the controls Microscopic exam- 
ination of the vaginae revealed complete comification of the mucosa 
and hypertrophy of the muscular coats 

8 Inlioffen, H H , iKjngemnnn, W , and Senm, A , Ber Deutach chem Ges , 
193B 71 1024 

0 Inhoffen, H. H , and HoWweg, W , yaturwiescnacIiafUn, 1938, 26, 96 
lOBniicK L, Hofmann, K, and Meldahl, H F, Hclv chem Acta, 1938, 


m. 372 

u Clauberg, C , and tJBtfln, Z , Zcniralbl f GynaUlogic, 1938, 62, 1745 
11 Salmon, H J , Walter, E I , and Geut, S H , Phoc Soc Exp Biou akd Med , 

^^l^Zondek' B , and Eozin, S , Lancet, 1939 1 , 604. 

. For the nreeneninolone used in this study, we ore indebted to Dr E Schwenk, 
of tirseberlng Srporation, Bloomfield, N J 
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Sumviary and Conclusions It appears from this study that 
pregnen-m-20-on-3'Ol-17 exhibits bisexual properties when admin- 
istered subcutaneously in oil to immature, female rats, having an 
cstrogen-hke action on the uterus and vagina and an androgen-hke 
action on the preputial glands and clitoris The trophic effect on 
the genital tract appears to be a direct one and not mediated through 
the ovaries, as shown by the elicitation of similar effects m ovariec- 
tomized immature animals Unlike testosterone, however, preg- 
neninolone appears not to have a stimulating effect upon the gonado- 
tropic activit}' of the hypophysis, as indicated by the absence of 
corpora lutea formation or evidence of follicle stimulation in the 
ovaries 

It IS interesting to note that this compound possesses a unique 
variety of biological properties In addition to its progesterone-like 
action on the endometrium Courrier and Jost'’* have found that 
pregnemnolone will maintain pregnancy in spayed rabbits and is 
androgenic in castrated rats and chicks Furthermore, Emmens and 
Parkes^® have shown that this compound has estrogen-hke properties 
Avhen administered to adult, female rats, as well as androgenic 
activity, as indicated bj the capon comb grow th It is w orthy of note 
that the introduction of the ethinyl group at the 17th carbon atom 
of testosterone produced a compound possessing properties that are 
characteristic of estrogens, androgens and progesterone and at the 
same time has resulted in a loss of hypoph> seotropic potency — the 
power to stimulate gonadotropic hormone secretion b) the hj-pophj - 
sis 

n Coumer, B , and Jost, A,, C £ Soc Biol Pans, 1939, 130 1102 

15 Emmens, C W , and Parkes, A S , Aaliirr, 1939, 143, 1004. 
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Local Tissue Reaction to the Implantation of Crystals and 
Pellets of Estrogenic Hormone 

S H Geist, R I Walter and U J Salmon 

trorn ihc Loboraioncs of the Mount Sinat IJospitat, \cw Tori Cifv 


Deaneslej anti Parkes,’* " m a stud} of the \anous factors whicli 
influence the rate of absorption of sev hormones in animals, demon- 
strated that the subcutaneous implantation of the pure dr} hormone 
was the most efficient mode of administration In studies m the 
human, we have showiP that, b} means of the subcutaneous implanta- 
tion of crystals of a-estradiol benroate it was possible to prolong 
the period of effectneness of the hormone This r\as demonstrated 
by (a) the long period of clinical improvement, (b) the persistence 
of estrogenic effects on the vaginal smear and (c) the prolonged 
pituitary inhibition in menopausal patients * Subsequently, in an 
attempt to obtain more prolonged effects uith the estrogenic sub- 
stances, pellets of a-estradiol and a-estradiol benzoate were im- 
planted subcutaneously 

One of the questions which immediately arose following the use 
of this procedure was, what effect the crystalline estrogens would 
have upon the contiguous subcutaneous tissues It is our purpose, 
m this communication, to describe the local tissue reaction to the 
implanted estrogen crystals* and pellets * 

We have employed tlie implantation method in a senes of 110 
cases and from this series 14 patients (of whom 8 were spontaneous 
menopause, 4 surgical and 2 X-ray castrates), were selected for 
excision of tlie implanted hormone and surrounding tissues Ten 
patients had been implanted with pellets ( 5 a-estradiol and S a-estra- 
diol benzoate) “Ml of these cases, before the implantation, had 
typical menopause symptoms and morphologic er idence of estrogen 
deficiency, as indicated by negative vaginal smears and biopsies of 
the vaginal mucosa and endometrium The amount of hormone im- 
planted varied from 15 to 50 mg The individual pellets weighed 
— Jfoy soc B.iosrTialT^ 

' B and Parkea, A. S . Loner,, 1938, 2, G06 

3 U J , Walter, S. I , and Ge.st S H . Sconce, 1939. 00. 162 

4 Salmon' TJ J , Geist, S H-, and Walter, K I Pro. Soc Exp Biol vvd 

- > 1040 48 424 

. ’vnr the Crystals and pellets of a estradiol and a estradiol bensont. used in 
this investigation, we are indebted to Dr E Sebivenk of the Scher.ng Corporation 

Bloomfield, N J 
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15 to 25 mg Four patients were implanted A\ith crystals of a-estra- 
diol and a-estradiol benzoate, \ arming m \s eight from 10 to 23 mg 
The implantation sites were CNCised under local (1% novocame) 
anesthesia, at periods \arjTng from 23 to 238 dajs after the im- 
plantation An ample elliptical incision was made o\er the site of 
implantation in order to include the skin and surrounding tissues 
The pellets were remoied and the excised tissue was fixed in 10% 
formalin Serial sections were made and stained w'lth hematoxylin 
and cosin In none of the cases implanted with crystals were we 
able to find anj gross tMdcncc of the crjstals at the time of excision 
It w'as noted that a fairh uniform tissue reaction occurred in eacli 
case The pellets were completelv surrounded bj a fibrous capsule 
wdiich varied m thickness depending upon the duration of implanta- 
tion The pellets retained their original shape and consistenc} and, 
although intimateh adherent to the capsule, could be easil} shelled 
out The subcutaneous tissues showed a t\pical foreign bodv reac- 
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tioii Each of the capsules showed essentiall} the same histologic 
picture The protocol of a t\ pical case is presented here 

This patient (D X ) was implanted m the subcutaneous tissue of 
the right thigh with 2 pellets ot a-estradio! benzoate (total weight 
50 mg) and the iniplant-site was remored 88 da}s later Fig 1 is 
a natural size photograph demonstrating the gross appearance of 2 
capsules after remo\al of both pellets Fig 2 is a low power mag- 
nification of a cross section of the capsules illustrated m Fig I 
showing the sharpl) demarcated character and thickness of the 
capsules The significance ot the thickness of the capsules will be 
discussed later 

The capsule consists ot 3 more or kss distinct lasers surrounding 
a central caiitr The inner la\cr adjacent to the caiitr consists of 
2 zones (a) an inner zone which is composed of 1 to 3 larers of cells 
which are elongated narrow and eosinophilic and contain irregular 
nuclei which ha\e no uniform cell position and ( b ) an hialmized 
connectne tissue zone containing scattered hniphociTes leticocites 
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and some large pale-staining cells with o\al nuclei The nuclei of 
these large cells have a w'ell-defined chromatin content, the cells re- 
sembling phagocj-tes The middle la} er (Fig 3) is a slightl} wider 
area which is supported b^ an h}ahnized connectne tissue sub- 
stratum and is infiltrated bA man} closel} packed, small, round 
cells (l}mphocvtes and plasma cells), fibroblasts, occasional leuco- 
c}'tes, and a scattering of giant cells The outer layer consists of a 
relativel} narrow band of Inahnizcd fibrous tissue w'hich contains 
some dilated l}Tnphatic vessels The surrounding fat tissue shows 
slight edema and contains a few hmphoc}-tes and giant cells The 
skin overlvmg the implanted pellets is normal 

On excision of the cr}Stalhnc implantation sites, no macroscopic 
capsule could be seen On cut section one could however, discern 
multiple, pin-point gra}ish-white areas distributed throughout the 
subcutaneous fat tissue 

Fig 4 IS a low power photograph of a cross section of an im- 
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plantation site removed from patient L S v ho had been implanted 
236 da}s previouslj with 10 mg of a-estradiol cr}stals One can 
clearly see m this section at least 14 minute discrete, conglomerations 
of cells, w'hich haAe the appearance of small tubercles With higher 
magnification (Fig 51 the resemblance of these accumulations of 
cells to foreign bodj tubercles becomes ei en closer 

These tubercles consist of a central core of tissue containing se\ eral 
ca\ities of Aariable size, which are delimited b\ fine connectne tissue 
septa The latter contain man) irregular nuclei which A*ar) consider- 
ably in size and shape Some of the nuclei are giant sized and no 
separate cell margins can be identified This central core is sur- 
rounded by a zone of h)Tilmized tissue w Inch contains numerous ir- 
regularly shaped cells wnth large i acuoles and a scattering of foreign 
body giant cells (Fig 6) 

Surrounding the abo\ e described central structure are 3 la) ers of 
cells which resemble, in miniature, the 3 la) ers of cells w hich make up 
the gross capsule pre\ loush described 



Fig C 

Finr LX HirIi power magnification (x IXiO) of boxed in area of Fig 5 
showing large multi nui leatcd vacuolated cells 
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Suiiiiiiarv Olid Conclusions 

The local tissue response to implanted crj'stals and pellets is a 
tjpical non-specific foreign bod\ reaction Following the implanta- 
tion of crjstals of a-ectradiol and a-estradiol benzoate, the tissue 
surrounding the crystals responds by the formation of tiny nodules 
In contrast to this t^pe of reaction, a thick avascular capsule forms 
about the pellets of the implanted hormone It is important to note 
that the epidermis overlying the implants showed no e\idence of 
cellular at\pisin and, similarh in no instance did the subcutaneous 
tissues m contact with and adjacent to, the implanted hormone show 
an} abnormal cellular proliferation 

A significant obscreation which emerges from this stud\ is the 
probable effect that the thick aeascular capsule has on the absorption 
rate of the estrogenic substances emplo}ed It was noted that the 
cr}stals had a stnkinglv more prolonged therapeutic and ph^slologlC 
effect than the pellets composed of the same estrogenic substance and 
of comparable weight It would appear therefore, that the capsule 
might haee a marked retarding effect on the rate of absorption of the 
hormone Apparenth, w ith the passage of time, the absorption rate is 
progressneh dmmiished b} the growing thickness of the capsule 
around the pellet After a period of approviniately 3 months absorp- 
tion IS either conipletel} stopped or so reduced as to have no demon- 
strable ph} siologic or therapeutic effect It seems therefore that for 
purposes of implantation, pellets of a-estradiol and a-estradiol ben- 
zoate are not as efficient as crystals of the same chemical constitution. 
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Portals of Entry of PoliomyehUs Virus in the Chimpanzee* 

How'akd a Howe and David Bodian (Introduced by Carl 

Hartman ) 

From the Department of Jnatomt/ Johns Hoplins Cnivcrsitv 

The lack of an} direct evidence concerning the portal of entry of 
poliomyelitis virus m man has led to many animal experiments The 
use of the resistant rhesus monkev and of “monkey strains” of virus 
in this problem, how'ever, is open to the objection that the experi- 
mental conditions at the outset are wndely divergent from those under 
which the disease takes place m human beings A closer approxima- 
Commomvcnitl. Fund 
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tion to the actual situation of the epidemic maj be obtained b) the 
use of human stools as a source of virus and the chimpanzee as a 
near substitute for man The chimpanzee was selected for this 
purpose because of its phylogenetic relationship to man and because 
of a report by' Muller^ that durmg an outbreak of poliomy elitis in 
Cologne, Germany, 2 chimpanzees in a children’s zoo apparently 
contracted the disease by' natural contagion One of these animals 
subsequently died and an examination of the central nenous system 
by Spielmeyer rev ealed lesions characteristic of poliomy ehtis 

Fiv'e chimpanzees were inoculated with a pool of 7 different un- 
treated human stools each of which had previously been found 
positiv e by intranasal inoculation into rhesus monkey s * The re 
suits are briefly summarized in Table I Three animals received 
large inoculations on 5 successive days by stomach tube, while the 
other two were given 2 cc of untreated stool intranasally and by 
mouth, respectiv'ely on 3 successive days In each instance special 
care was taken to exclude portals other than the one inoculated, and 
m the case of the last animals f A105 A106), both olfactory tracts 
had been sectioned intracranially 4 and 5 day s prev lously >\I1 ani- 
mals except the first ( \48, which received stool by stomach tube) 
contracted typical flaccid paralysis of the left arm The animal with 
cut olfactorv' tracts which received stool by mouth had an initial 
right facial paraly sis w hich later extended also to tlie left arm In alh 
sections of the cervical cord showed heavw poliomvehtic lesions 
Cord and stools from A.83 and A.105 reproduced the disease in 
rhesus monkeys Despite the ty'pical form of the paralysis and 
lesions in A71 v irus could not be demonstrated in either the cord or 
stools The stools and cord of A 106 have not been tested for virus 
as yet 

’The olfactory bulbs of -\83 (inoculated intranasally) showed 
maximal perivascular cuffing, neuronophagia and cellular infiltration 
In contrast to this the olfactory bulbs of A71 the normal animal re- 
ceiving stool by stomach tube, showed no signs of virus invasion 
There was evidence of a meningitis around tlie olfactory nerve fila 
which was in keeping with the generalized meningitis over all ex- 
posed pial surfaces of the brain The bulbs of the animal subjected 
to bilateral olfactorv tract section fA-lOS) showed similar changes 
There was a generalized meningitis (the spinal fluid white cell count 
v\ as 900 per cu mm ) There w ere also slight infiltrations of ly mpho- 

1 MOJlrr, W, f KindrrUcilX 1935 C3, 134 

2 Ho\ro HoTTTrd A und Bofinn Piv d J Inffci 1940 in i>rc «5 
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c^tes and losses of mitral cells which were probably the result of 
retrograde clianges follow mg the tract sections The olfactory bulbs 
of A 106 show'ed no infiammatorj^ infiltrations The completeness of 
the ol factor} tract section in these cases rules out any possibility of 
\ irus having reached the brain by this route ’ t 

The failure of chimpanzee A48 to contract poliom} elitis cannot 
readily be explained, since 2 intranasal rhesus controls w'ere par- 
ai}zed in 10 da}s A period of 10 da}s elapsed between the first 
and second stomach tube inoculations of 25 cc of stool This was a 
relativel} small dose as compared with those given b} the same 
method to the other animals On the sixth day follow ing the first 
inoculation the animal s temperature rose from 100 4° to 104 6° 
but on the next day had dropped to its former level The animal has 
remained entire!} w ell for 6 months Whether this fe\ er indicated 
an abortn e attack of poliom} elitis cannot be stated In contrast w ith 
this IS the finding tliat A106, a }ounger animal, became paral}zed 
after receiving onl} 6 cc of stool by mouth The fact that the initial 
paralysis was bulbar suggests the oral ca\it} and phat^mx as a 
portal of low er threshold than the gastrointestinal tract 

Sinnmary T}'pical poliom} elitis has been produced in 4 chim- 
panzees b} the mtranasai, intragastric and oral inoculation of 
untreated human stools In 2 mstances the olfactor} portal was 
ruled out b} section of both olfactor} tracts 

3 Brodie, M , and Elndge, X. K , Sck nee, 1934, 79 ^35 , f>cliultz, £ W, and 
Gebliardt, L, P , Pboc Soc- Exp Biou and Med , 1934, 31, 728, Hove, Howard 4 , 
and Ecke, Eobert S , Proc Soc Exp Biol, and Med , 1937, 37, 125 

fVignec, Paul and Trask 'si feeding expenments on monkeva unfortnnatelv do 
not exclude this possibrUtr 

Vignec, A J , Paul, J R , and Trask J D , Peoc Roc Exp Biol, and Med , 
1939, 41, 246 
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Substance in Kidneys and Muscle Eliciting Prolonged Reduction 
of Blood Pressure in Human and Experimental Hypertension * 

I H Page, O Helmer, K. G Koiilstaedt, P J Pouts, G F 
Kempf and a C Corcorak 

Trotn Utc Ully Laboratory {or Clinical Lcscarch, Indianapolis City Hospital, 
Indianapolis, Indiana 


Ea idence published elseu here'"' strongh suggests tliat an inlnbitor 
to the pressor action of angiotonin and renin is contained in kidnejs 
and probably muscle and lung 

Methods Extracts prepared from fresh kidnejs, lung and muscle 
were tested for their abilitj to reduce arterial pressure in dogs made 
hjpertensne b} the silk or cellophane perinephritis method ’ Blood 
pressure was determined b> direct femoral arterial puncture HA'per- 
tensivc rats (Drur\ method”) were also employed, the blood pressure 
being measured in the tail b) the method of \\'ilhams, Harrison and 
Grollman ” The blood pressure of the animals w as stabilized at the 
elevated pressure before extracts were assayed Some of the dogs 
exhibited the sMidrome of malignant hypertension Extracts were 
gnen b} injection subcutaneousl}, into muscles or bj mouth 

The extracts liaAC been tested also on patients with tj’pical essen- 
tial hjpertcnsion and malignant hj-pcrtension after the patients had 
been studied for long periods in the Lilh Clinic The studies Avere 
conducted much as those described previoush in evaluation of the 
^arIOUS surgical treatments of hj-pertension (Page and Heuer”) 
ScAcral experiments haAc been performed to ascertain A\hether the 


A preliminary report of tliis work rvas made at the Ameruan Association for 
the Advancement of Science, Section N Columbus Ohio December 2" 1939 

1 rage, I H , / Hxp iled , 1939, 70, 521 

2 Koiilstaedt, K. Q , Helmer, O it , and Page, I H , Proc Soc Esp Biou. and 
ilED , 1938, SO, 214 

3 Koiilstaedt, K G , Page, I H , and Helmer O M Am Heart J , 1940, 10, 92 
t Page I H , and Helmer, O M , J Exp Med 1940, 71, 29 

oTicerstedt H , and Bcrgmann, P G , Sknnd Arch Physiol , 1S98, S, 223 
a Pace I. H , and Helmer, 0 JI , J Exp Med 1940, 71, 495 
7 Goldblatt, H , Lynch, J , Hanral, B P , and Summemlle, MI , J Exp Med , 

^^^VageTn.,. A 31 A, 1039,113.2046 
oS D it, J Exp Mcd^ 1938, 68, 693 

to Wdliams, J B , Jr , Harrison, T R , and GroUman, A , J Clin Invest , 1939, 


18, 373 

11 Page, L H., and Hener, 


G J , Arch Int Med , 1937, 30, 245 
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ability of plasma to activate remn has been reduced after admims- 
tration of extracts The method employed was that of Page and 
Helmer * 

Extracts of Kidney and Muscle Extracts of minced tissues were 
prepared from pork kidnej and from rat, rabbit and beef muscle bj 
6 general methods of extraction, (a) with saline, (b) with acetone, 
(c) with alcohol, (d) by fractional precipitation with (NH|)-S 04 , 

(e) b} isoelectric precipitation of water and saline extracts, and 

(f) saline and acetic acid followed by heating to 58° C The 
materials obtained w ere concentrated in vacuo at low temperatures, 
and, in most cases, diatyzed for 24 hours or more. The concentrated 
solutions were passed through Seitz filters before intramuscular 
administration to human beings Details of the procedures used and 
results obtained are shown in the accompanjnng tables 

Relative Potency of the Various Extracts in Dogs and Rats The 
filtrate from the isoelectric precipitation of saline extracts of kidne}' 
seemed most effectn e The amount of extract equn alent to 3(X) g 
of original kidney when injected intramuscularly in dogs oier a 
period of 2 to 4 daj's, caused marked reduction in arterial pressure 
(Figs 1 and 2) The isoelectric precipitate also contains some of 
the inhibitor 

TABLE L 

Effect of Tisane Extra c ts on tlie Artemi Blood Preamre of Doga mth Hn>grtenBion. 

G of fresh kidney 
reqmred to produce 
maximnm fall in B J* from 
Estimated* hvpertensire (>1S0 mm Hg) 


Type of extract effectiveness levels 


Saline extract of whole kidney +++ 600 

Isoelectric precipitate of saline kidnev 
extract + + + 400 

Filtrate of an isoelectric precipitate of 

a sahne kidney extract ++++ 300 

0 3 saturated (NH^JoSO^ precipitate 

of saline kidney extract ++ — 

0 3 to 0 8 saturated pre 

cipitate of kidney extract 0 — 

70% acetone extract of kidney 4-q — h 2100 

50 to 70% alcohol extract of kidnev -j — h 6000 

Extracts of lung 4- — 

Filtrate of heated saline-acetic acid 
extract -1 — I — I — b 960 


•Results given in table are an estimate of the effectiveness of the extracts in 
reducing blood pressure based on the following grades 
-f Transient effect 

-)-4- Some reduction in blood pressure but not reduced to normal levcL 
Definite reduction in blood pressure but not sustained 
-b-j — b-b ilarked reduction (reduced to norma] level), well sustained 
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of Blood Pressure in Human and Experimental Hypertension * 

I H P \GE, O M Helmer KL G Koiilstaedt, P J Fours, G F 
Kemef and a C Corcoran 

From the iiffi/ Lnhnratory for Clinical llcscarch, InHiannpolit Cit]) Hoxpital, 
Jntlianapoitt, Indiana 


E\id(.nct published elsewhere''’* strongly suggests that an inhibitor 
to the pressor action of angiotonin and renin is contained in kidneys 
and probably muscle and lung 

Methods Extracts prepared from fresh kidneys, lung and muscle 
were tested for their abiht) to reduce arterial pressure in dogs made 
In-pertensie e by the silk or cellophane perinephritis method ’ Blood 
pressure w as determined by direct femoral arterial puncture Hi'per- 
tensne rats (Drury method”) were also employed, the blood pressure 
being measured in the tail bj the method of Williams, Harrison and 
Grollnian The blood pressure of the animals was stabilized at the 
eleyated pressure before extracts w'ere assajed Some of the dogs 
exhibited the svndrome of malignant hj'pertension Extracts were 
guen b) injection subcutaneous!), into muscles or by mouth 

The extracts ha\e been tested also on patients with t)pical essen- 
tial Inpertension and malignant hi-pertension after the patients had 
been studied for long periods in the Lill) Clinic The studies were 
conducted much as those described previous!) in evaluation of the 
\arious surgical treatments of h)pertension (Page and Heuer'') 
Seieral experiments ha\e been performed to ascertain wdiether the 

* A preliminary report of this work was made at the Amenean Association for 
the Adiancemcnt of Science, Section N Columbus Ohio, December 27, 1939 
1 Page, I IL, J Fxp iled , 1939, 70, 521 

- Kohlstaedt, K G , Helmer, O M , and Page, I H , Phoc Soc Exp BiOb. axd 
Med , 1938, 39, 214 

s Kohlstaedt, K, G , Page, I H , and Helmer, O M , Am Heart J , 1940, 10, 92 
< Page, I H , and Helmer, O M , J Vxp iled 1940, 71, 29 
a Tigerstcdt, H , and Bergmann, P 0 , SLand Arch Physiol , 1898, 8 223 
n Page, I BL, and Helmer, O M , J Exp iled , 1940, 71, 495 
T Goldblatt, H , Lynch, J , Hanzal, B F , and SnmmemUe, W W , J Exp Med , 
1934, 09, 347 

8 Page, 1 J 31 A, 1939, 113, 2046 

9 Drury, V S , J Exp Med , 1938, 08, 693 
M WilUnms, J H , Jr , Harrison, T B , and Grollman, A , J Clin Invest , 1939, 
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when injected intramuscular 1) The alcohol extracts were the least 

effective 

It w ill be noted from Table II that 70% acetone extracts of muscle, 
50% alcohol extracts, and the isoelectric filtrates and redissohed 
precipitates at pH 4 2 are most acti\ e Poor results w ere noted w ith 
70% acetone extracts of rabbit muscle in which an a\erage dose of 



Fio 3a 

Filtrate given orallT after isoelectric precipitation equivalent to 380 grams of 
beef muscle 

Fio 3b 

Filtrate given subcutaneonslv Same extract as 3n 


TABLE EL 

Effect of Muscle Extracts on Arterial Blood Pressure of Rats with Hypertension 


Type of extract 

Estimated 

effectiveness 

G of fresh muscle 
required — Avg 

70% acetone 

++++ 

162 (105*) 

90% acetone precipitate from 70% extract 

++ + 

190 

90% ” filtrate 

++ 

220 

50% ” extract of 70% precipitate 

+ 

380 

60% acetone extract 

— 

360 

509<7 alcohol 

+ +++ 

190 

70% ” ” 

++ + 

520 

50% alcohol in presence of 10% sodiota 



chloride 

— 

250 

0 3 saturated ammonium sulphate 

+ + 



0^-0 5 saturated ammonium sulphato 

+ 



0 5 full saturated ammonium sulphate 

4 “+ 



Isoelectric precipitate 

+++ 

119 

Filtrate of an isoelectric precipitate 

H — h 

149 

Filtrate of heated saUne acehc acid extract 

++++ 

126 


105* Average dose of rat muscle extract 1G2 g includes both rat and rabbit. 



Filtrate after ijoeleeferio precipitatioD eqaivalent to 100 grama of kidney daily 

The acetone extracts of the kidneys were effective In only one 
instance did a acetone extract fail to reduce the dog’s pressure 
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250 g muscle had little effect, while 105 g of rat muscle seemed quite 
effective The data at hand do not establish a similar difference 
between beef and rat muscle 

Effect of Kidney and Musclr Extracts on Patients Eight pa- 
tients have been treated with extracts In all a sharp prolonged fall 
in arterial pressure occurred whether the hypertension was of the 
malignant or essential \ arietj Simiptomatic improvement has been 
marked After discontinuing the extracts for 3 to 5 days the blood 
pressure tends to rise again What we consider to be a typical curve 
IS illustrated in Fig 4 

Effect of Kidney Ertracts on Renin- and Angiotomn-Activator 
Plasma from hj'pertensive dogs exhibits greater than normal ability 
to cause vasoconstriction when renin or angiotomn is added to it 
and the mixture perfused through an isolated rabbit's ear (Table 
III) When the arterial pressure is reduced by means of kidney 
extracts, this enhanced ability is reduced or lost 

Discussion There seems little possibility that the observed pro- 
longed fall in arterial pressure could be due to any of known depres- 
sor substances for 3 reasons First, the fall occurs very slowly — 
from 12 to 48 hours — depending on dosage Second, all crystalloidal 
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Expenmental Hypoprothrombinemia with Anti-Prothrombm 

Serum 

L M Tocantins 

From the Dmszen of Bematology, Jeffertov. iledtcal CoXlepe and Sospital, 

Philadeiphta 


A transitory reduction in the plasma prothrombin of rabbits may 
be produced by injecting into these animals an antiserum prepared 
in the gumea pig against fibnnogen-free rabbit prothrombin 

Fibrmogen-free prothrombin was isolated from the plasma of 
rabbits as follows ^ About 100 cc of blood was collected from a 
large rabbit by cardiac puncture, in 5 cc of 5% sodium citrate, the 
plasma was separated off, passed through a Berkefeld V filter and 
the clear filtrate then heated carefully to 54-56“ C for 2 minutes, the 
precipitated fibrinogen being filtered off and discarded The plasma 
was then diluted 10 times with distilled water, and 1 % acetic acid was 
added slowly with constant stirring until a pH of 6 0 was reached 
The precipitate that formed was, after centrifugation, diluted m 
about 5 cc of salt solution, to which a fen drops oi 0 5% sodium 
bicarbonate were added On standing at room temperature, most of 
the precipitate was dissolved To prepare the antiserum the pro- 
thrombin solution from 100 cc of blood was injected intraperi- 
toneally into a guinea pig weighing no less than 600 g, 5 times, at 
approximately 6-day intervals, the animal being being killed and 
bled out 10 days after the last injection Rabbits weighing between 
2 5 and 3 0 kg were used, they were fed a mixture of clover hay, 
timothy, oats, com and dog chow Blood was drarvn from the heart 
or ear \ein into a syringe containing 1 sodium oxalate solution 
(0 2 cc of the solution, 1 8 cc of blood) Prothrombin was meas- 
ured according to the method of Quick ■ With each determination 
in the experimental animals, control determinations were performed 
on plasma from normal rabbits 

Mixing increasing dilutions of the antiserum with a clear pro- 
thrombin solution brought about flocculation and precipitation of 
the prothrombin in dilutions up to 1-256 By incubating the undi- 
luted antiserum u ith a given amount of oxalated rabbit plasma for 
24 hours and follow mg it w ith the addition of thromboplastin and 
calcium chloride it was possible to demonstrate a complete inacti- 

1 Pergu*on, J H., J Lob and Clin, iicd , 1938, JM, 273 

= Qnick, A J , ,lni J Phytiol , 1937, 118, 260 
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substances would have been lost during dialysis, for the inhibitor is 
non-dialjzable Third, the reduction in pressure remains for several 
days in contradistinction to the transient reduction resulting from 
injection of histamine, choline, adenylic acid, etc 

Injection of kidney and muscle extracts reduce or abolish the 
ability of the plasma to activate renin and angiotomn This may be 
interpreted as cither reduction in tlie amount of activators or increase 
m the amount of inhibitors 

It has seemed of especial interest that in 4 dogs suffering from the 
sjmdrome of malignant hypertension that injection of extracts has 
reduced their blood pressure and caused improvement m the signs 
in the eyegrounds Two human beings with malignant hypertension 
have also been treated The fall in arterial pressure has been striking 
(Fig 4) Urea clearance in these patients also exhibited a cliange 
for the better It is too early to assert that over prolonged penods 
these extracts will have therapeutic value Animal tests suggest 
that they may have value 

Most of our extracts have been given by injection, but tlie few 
that we have tried by mouth m rats have proven effective Harnson, 
Grollman and Williams were the first to show that kidney extracts 
were effective by mouth f 

Siiviutary Extracts of kidney and muscle effectively reduce 
arterial pressure in hypertensive human beings, dogs and rats for 
prolonged periods and simultaneously reduce the ability of plasma to 
activate renin and angiotomn 

t The present resnlta on extracts of kidneys, although arrived at by an entirely 
independent route of investigation, are in accordance with those of Harnson, 
Grollman and Wininnia which are now in press 
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DATS 

Chaet 1 

Rabbit B 64 received 3 injections of the antisenun (sobd arrow) and survived 
the eipcriment. Rabbit B 63 received 1 injection only (broken arrow) and died 
on the following day from a hemopericardium 

ever observed to go below 20% of normal, this may explain the 
relative scarcity of hemorrhagic manifestations encountered 
Summary An antiprothrombm serum may be prepared m the 
guinea pig by injecting it with fibrmogen-free prothrombin isolated 
from rabbit plasma Intravenous injections of this antiserum in 
fasting rabbits produce a hj^ioprothrombmemia of a transient and 
moderate character 
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ration of the prothrombin m that plasma, and some reduction m 
prothrombin activity in dilutions of the antiserum up to 1-128 
Subcutaneous injections into 2 rabbits in doses of 0 2 to 0 4 cc 
per kg body \\ eight of the animal produced no detectable external 
changes either locally or generallj In this respect the serum differs 
from antiplatelet serum which produces large local hemorrhages 
when injected subcutaneously * In the doses employed, injections of 
the antiserum intravenously in 4 healthy, nonfasting animals pro- 
duced onh a very transitory reduction in the prothrombin, varying 
between 25 to 40% of normal, detected usually between 15 and 20 
minutes after an injection There uas a quick recovery by the end 
of the first hour and no subsequent reduction was detected Repeti- 
tion of the injection tlie next day brought about a similar response, 
followed later by a rise of the prothrombin concentration above nor- 
mal and failure of subsequent injections to bring about a drop 

In 4 animals that had been fasting for 3 to 4 days it became easier 
to produce and maintain a hj'poprothrombinemia by this method 
Chart I illustrates the effects of one or more intravenous injections in 
2 of these rabbits deprived of food for 3 dajs before the antiserum 
was given and while the experiments were being carried out Fasting 
for 3 days in itself produces only a verv' slight reduction in the plasma 
prothrombin Two animals died during the experiments from 
hemorrhage induced by cardiac punctures When size of the veins 
made it possible all specimens in one animal were collected from the 
ear vein Selection of animals with large ear veins makes it possible 
to collect rapidly the required amount of blood 

The rapidity with which the prothrombin returned to normal after 
being reduced by the injection of antiprothrombin serum is another 
indication of the great labihtj of this substance The body reserves 
of vitamin K and of whatever other substances are required for the 
production of prothrombin by the liver seem to make a prehminarj 
period of fasting necessarj' to demonstrate a clear-cut diminution of 
the prothrombin after injection of the antiserum 

The fact that some of the prothrombin in the plasma may be 
associated with other protein fractions besides the globulin may par- 
tially explain the moderate and transitory nature of the reduction in 
tlie plasma prothrombin , the antiserum may only destroy that portion 
of the prothrombin linked with the globulin fraction Heating of 
the plasma to precipitate the fibrinogen may have also precipitated or 
destroyed some of the prothrombin and affected the antigenic prop- 
erties of this protein In no instance was the plasma prothrombin 

3 Tocantins, L M., Arch Path , 1936, 21, 69 
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of age and 5 litters (26 animals) at the age of 87 days Daily ob- 
servations were made of the gross behaMor of the animals and 
weekly weights were determmed At autops}% the weight of the 
pituitary, gonads, adrenals, th}Toid, spleen and kidnej's was taken 
and compared w ith the bod}' w eight The neck region was thoroughly 
exammed at autops}' and all suspicious tissue subjected to micro- 
scopic exammation of stained sections All tissues w'ere routmely 
exanuned microscopically using hemotoxylm and eosm stamed 
celloidin sections 

Daily obserA'ation of the thymectomized and control animals 
maintained imder the same experimental conditions (diet and 
handlmg) demonstrated no apparent difference m the gross behar lor, 
size, tune of opening of the eyes, eruption of the inasors and ears, 
descent of the testes, openmg of the ragma, or character of the hair 
Body weights and growth cum'es w ere of the same character At 
autopsy, and after rmcroscopic exammation, the neck region of 2 of 
the 29 thjTnectomized animals w'as found to contain small amoimts 
of thymic tissue (estimated at about l/7th of the normal) Histo- 
logical examination of the tissues removed at autops}' revealed no 
apparent difference betv%een thjTnectomized and controls There 
was no arrest of spermatogenesis m the testes of either age group 
as compared with the controls 

Conclusions It is felt that on the basis of the reports quoted and 
on the abo^ e data, thymectom} by surgical methods has no apparent 
effect on the growi:h, development, or endocrme organ differen- 
tiation of the rat when performed at the age of 1-2 days and studied 
past the onset of puberty Since surgical thjmectom} results m no 
apparent effects as studied abo\e, it is probable that irradiation 
thjTnectom} can hare no further effect, and that the cause of the 
effects described^ " must be sought elsewhere 
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Effect of Thymectomy in Immature Rats * 

William O Reinhardt (Introduced by Herbert M Evans ) 

From the Deportment of Anatomy and the Inetdutc of Experimental Biology, 
Univer/tiv of Califomta, Berl eley, California 

It has been reported* * that Roentgen irradiation of the thymus 
of 2-day-old rats results in the temporary' arrest of development of 
the spermatogenic tissue of the testis An analysis of recent litera- 
ture shows that surgical thymectomy has been carried out on the 
following age groups of rats female, age 1 day and male and 
female, age 21 days,’ * male and female, age 10-23 dajs,’ male, 
age 25 days,® and male and female, age 21 days ^ In none of tliese 
experiments were significant effects noted on growth, development, 
age of puberty, fertility, or differentiation of the endocrine organs 
With the above reports in mind and in order to explain if possible 
the difference between surgical and Roentgen ray thymectomy in 
immature animals, the following experiment was carried out 
Thymectomy was performed on half the animals of 10 litters of 
the Long- Evans strain of rats Nine litters were operated upon at 
4 days of age and one litter at 2 days of age A total of 46 animals 
were employed of wdiich 30 were males and 16 were females The 
operated animals, both thymectomized and sham operations, were 
distributed according to httermate controls of equal body weight and 
size Thymectomy was performed under ether anesthesia using a 
midlme neck incision involving splitting of the upper part of tlie 
sternum, the thymus gland being readily exposed, and removed en 
masse by blunt dissection Postoperative complications were neg- 
ligible and the animals recovered from the effects of the operation 
without harm Five litters (20 animals) were autopsied at 33 days 

* Aided by grants from the Board of Hcsearch of the University of Oaliforma 
and the EockefeUer Foundation. 

1 Shay, H., Gershon Cohen, J , Pels, S , Meranze, D , and Meranze, T , J Am 
lied Assi, 1939, 113, 290 

2 Gershon Cohen, J , ei al , Science, 1938, 67, 20 

a Andersen, D H , J* Physiol , 1932, 74, 49 

t Andersen, D H., J Physiol , 1932, 74, 207 

c Pappenheimer, A. hL, J Exp lled^ 1914, 10, 319 

OHaahimoto E L, and Preudenberger, C B , / Am Med Assn, 1939, 113, 
1680 

tSegalofE, A, and Nelson, W O, Anat Bee, 1940, 76 (2), Supplement No 
2, 50 



Decorticate Preparations after Insulin Shock 735 


animals lived 19 to 48 hours after the hypoglycemia was terminated 

Animals m Group 3 were not studied as carefully as the above, but 
are added because they showed inability to maintam body tempera- 
ture They remained in a state of coma until death m hich occurred 
from 10 to 18 hours after the interruption of the hypoglycemia 
Because of the poikilothermia it is assumed that the damage is at the 
midbrain level or lower 

Finding clinical evidence of damage at a certain level in the nen ous 
s>stem does not also establish the contention of simultaneous 
injury of the higher centers This assumption appears ivarranted at 
this time from the clinical course of the animals under the experi- 
ment During the induction of hypogl3Temia, the gradient depres- 
sion of level after level of nervous functions is easily followed and on 
termination of the hypoglycemia the reversal of this order is ob- 
tained Histopathologic studies are in preparation to establish the 
proof for this contention 

The demonstration of a gradient effect by msuhn in the central 
nervous system may have a very significant bearing on insulm shock 
treatment The effects of this therapy are directed ton ards psj chotic 
sjmptoms presumably arising in the highest cerebral centers Thera- 
peutic effects of the same type now obtained may occur with milder 
but more prolonged degrees of hypoglycemia, still capable of 
affecting the highest centers but sparing the Ion er medullary' centers 
This would remove the present hazards of shock therapy This w ill 
be subjected to clinical verification 

The technic involved m this study may have an advantage over 
operative transection or the vascular decerebration of Pollack and 
Davis for studying the different phy'siologic strata of the central 
nervous system It may be that with insulin the cleavage is along 
more definite physiological lines than is possible with these other 
"anatomic” methods 

Our cordial appreciation is expressed to Dr Clinton H Thienes 
of the department of pharmacology and to Dr Douglas R. Drury of 
the department of phj'siology, for both facilities and many' helpful 
suggestions 
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Decorhcate and Decerebrate Preparations Produced by Insulin 

Shock.* 

Eugene ZiSKiND AND David B Tyler T Introduced by C H 

Thienes ) 

From the University of Southern California, School of Medwtne, Los Angeles 

During insulin shock induced therapeutically there is a progressive 
depression of nervous functions, in a gradient manner, from the 
highest (cortical) levels to lower subcortical levels (striatum, mid- 
brain, medullary) which is temporarj' and reversible.^' ■ It was 
decided to demonstrate this gradient effect clinically with the pro- 
duction of animal preparations showing permanent, irreversible 
lesions at progressively lower levels in the nervous system by pro- 
longing the period of hjpoglycemia 

Cats, fasted 18 hours, were given 15 to 20 units of insulin per kilo 
body weight When clinical signs indicated early medullar)’- decom- 
pensation, small amounts of glucose were given intrapentoneally to 
prevent death and still maintain a marked degree of hypoglycemia 
H)'pogIycemia was terminated after 12 to 20 hours Persistent brain 
damage w'as observed in 17 animals Group I consisted of 5 animals 
with vanable degrees of cortical damage Group 2 totaled 8 animals 
with cortical plus subcortical injury (“thalamic preparations”^) 
Group 3 included 4 cats with loss of function at the midbrain lev'el or 
lower 

The decorticate preparations (Group 1) showed impairment of 
vision, impairment of placing and hopping reactions (Bard), slight 
impairment of righting reactions, difficulty in feeding self, impair- 
ment of cleaning habits, restlessness and absence of rage reaction 
when confronted by a dog They were able to walk and maintained 
normal body temperature These preparations w ere kept ahv'e from 
6 to 90 days 

Preparations in Group 2 showed in addition to the above, inability 
to walk decerebrate rigidity, increased tonic neck reflexes and mock 
rage These animals were also able to maintain body temperature 
These signs point to loss of function at the “thalamic level ” The 

• Tho authors are indebted to EU LiUr Companj' for the iBaulin utiUied in 

^ 1 An^al, L. -y , ^ Feurol « Fsychiat 1937, 157, 35 

2 Frostig, J P , Arch Neurol and Fsychiat , 1938, SO, 219, also table in Am J 
Fsychiat , 1939, 06, 378 
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animals lived 19 to 48 hours after the hypoglycemia was terminated 

Ammals m Group 3 were not studied as carefully as the above, but 
are added because they showed inability to maintain body tempera- 
ture They remained in a state of coma until death which occurred 
from 10 to 18 hours after the interruption of the hj'poglycemia 
Because of the poikilothermia it is assumed that the damage is at the 
midbrain level or lower 

Finding clinical evidence of damage at a certain level in the nervous 
system does not also establish the contention of simultaneous 
injury of the higher centers This assumption appears warranted at 
this time from the clinical course of the animals under the experi- 
ment During the induction of hypoglycemia, the gradient depres- 
sion of level after level of nervous functions is easily followed and on 
termination of the hypoglycemia the reversal of this order is ob- 
tained Histopathologic studies are m preparation to establish the 
proof for this contention 

The demonstration of a gradient effect by insulin in the central 
nervous system may have a very significant bearing on insulin shock 
treatment The effects of this Aerapy are directed towards psychotic 
sjmptoms presumably arising in the highest cerebral centers Thera- 
peutic effects of the same type now obtained may occur with milder 
but more prolonged degrees of hypoglycemia, still capable of 
affecting the highest centers but sparing the lower medullary centers 
This would remove the present hazards of shock therapy This wall 
be subjected to clinical verification 

The technic involved in this study may have an advantage over 
operative transection or the vascular decerebration of Pollack and 
Davis for studying the different physiologic strata of the central 
nervous system It may be that with insulin the cleavage is along 
more definite physiological lines than is possible wuth these other 
“anatomic” methods 

Our cordial appreciation is expressed to Dr Qinton H Thienes 
of the department of pharmacolog)' and to Dr Douglas R Druiw' of 
the department of physiolog} , for both facilities and many helpful 
suggestions 
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Preparation and Properties of Soluble Bacterial Enzymes Which 
Decompose Creatinine 

M J Carl Allinson (Introduced by H H Beard ) 

From Ihc Louisiana State University School of Medicine, New Orleans 


Several years ago, soil bacteria capable of producing adaptive 
enzymes which specifically decompose creatine and creatinine were 
isolated " This report presents preliminary observations on the 
manner of preparation and properties of soluble enzymes prepared 
from one species (NC) of these bacteria 

When the washed cells are desiccated by various methods a por- 
tion of the enzymic system which decomposes creatinine is rendered 
soluble This soluble portion can be obtained by adding water to 
the dried suspension, centrifuging, and collecting the clear super- 
natant solution The methods that have been used include grinding 
with abrasive materials, such as pumice-stone, desiccation with 
phosphorus pentoxide and sulphuric acid, and desiccation with alco- 
hol-ether, or acetone-ether 

The method of assay employs 0 5 mg of neutral creatimne-hydro- 
chloride as substrate, 0 5 cc of 0 5 M phosphate buffer pH 7 0, the 
substance being tested, and water to 5 cc The suspension is incu- 
bated at to 40°C for 30 minutes The undecomposed creatinine 
IS determined colonmetncally after the addition of alkaline picrate 
The activity of the preparation obtained under the above conditions 
represents about 10% of the activity of the original cells when as- 
sayed under the same conditions The properties of the extract 
differ in certain respects from the original cells Sodium cyanide 
10'’M, and thymol inhibit tlie cells but not the extract Toluene and 
formaldehyde depress the activity of the cells and extract Sodium 
fluoride, lO^M, does not inhibit the cells or extract 

Studies on the purification of the enzymes are m progress 

1 inUer, B F , and Dnbos, B J , Peoc Boa Exp Biol, akd Mep , 19B6, 
SS, 335 

2 Dnboa, E J > and Miller, B P , J Biol Chem , 1937, ISl, 429 
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Effect of Testosterone Propionate Upon Thyroid and Parathyroid 
Glands of Intact Immature Female Rat* 

Ira T Nathaksok, Austin M Brues and Rulon W Rawson 
(Introduced by Joseph C Aub ) 

From the Zaioratones of the CoJlts P Suntingtoji Memorial Bospital, Barvard 

Umrersitp 

In pre\nous communications it was shown that testosterone pro- 
pionate acts directl} upon the \-agma and uterus of the immature 
female rat * It w as also determined that it stimulates the ovary 
indirectK by waj of the anterior hj-pophjsis^ even m the absence 
of the adrenals ' It is the purpose of this paper to record the effect 
of testosterone propionate upon the histological appearance of the 
thjToid and parath}TOid gland of the intact immature female rat. 

Method of Experiment Tvv enty-one immature rats of the Wistar 
strain vv eighmg betvv een 40 and 48 g and approNimatelv 4 vv eeks 
of age, were divided into 2 groups of 12 and 9 respectivelv Five 
mg of testosterone propionateT m 02 cc of sesame oil were given 
in one dose to each of the first group ( 12) and 0 2 cc of sesame oil 
without the hormone were given to the second group (9) to serve as 
controls 

Group I (Testosterone treated group) Twelve hours after 
giving testosterone colchicine (0 05 mg per 50 g of body weight) 
was given subcutaneouslv to one animal This animal w as sacrificed 
12 hours later (24 hours after testosterone) Thereafter one animal 
was sacrificed everv 24 hours, one dose of colchicine having been 
given 12 hours previouslv 

Group II (Controls) Three animals each were sacrificed 72, 
144 and 288 hours respectivelv after the onset of the experiment 
Two of each group of 3 were given colchicine 12 hours before 
The remaining animals received no other treatment 

* This investigation was supported bv a grant from the Committee on Bcsearch 
in Endocnnologr, National Beseareh ConnciL 

1 Nathanson, L T., Franseen C C , and Sweenev, B., Jr„ Peoc Exp 
B iou iSD MiD., 1938, 39, 385 

a Nathanson, I T , and Bawson. E W , Peoc Soc. Exp Biol, akd Mm., 193Q, 
42, 482 

t We are verr grateful for the liberal quantities of tcstoPerone propnonate 
which were furnished us bv Doctors Gregorv Stragnell and Mai Gilbert of the 
Schering Corporation, and bv Dr Ernst Oppenheimer of Chba Co., under the trade 
names of Oregon and Perandren respectivelv 
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The thyroid and parathyroid glands of each animal were fixed in 
Zenker’s solution imbedded in paraffin, and representative sections 
were stained with phloxine metliylene blue 

Measurements of height of the acinar cells of the thyroid were 
made according to the method of Rawson and Starr,’ in which 100 
cells were measured in each gland Mitoses were counted, using the 
technic of Brues and Marble * At least 4000 cells were counted in 
each gland, and at least one entire section of each gland was ex- 
amined 

Results Table I presents the results of this experiment 
It can be seen from the results presented in the table tliat testo- 
sterone propionate is capable of stimulating the thyroid and para- 
thyroid glands of the intact immature female rat The increase m 
mitotic activity especially m the first 96 hours seems particularly 
significant This corresponds very’ closely with changes seen in the 
ovary during the same period of time Increase m mitotic activity 
was noted even in the first 24 hours After 96 hours the activity 
decreased, but in all instances the levels remained at the upper Umits, 
or above those of the controls In one animal (No 109), which 
showed a high degree of activity, corpora lutea were noted in the 
ovaries These were not seen m the ovaries of the other animals 
Increase in cell height could be demonstrated in the thyroid gland 
almost as soon as the increase in mitotic activity was noted It can 
be seen that in the early stages of the experiment an increase in 
mitosis was associated with an increase in the size of the cell How- 
ever, there was no direct correlation between the number of mitoses 
and cell height 

In the control group no marked difference could be detected be- 
tween the animals treated with colchicine and those that had none, 
although the mean cell height seemed to be slightly lower in the col- 
chicine-treated group One control animal (No 110) deserves com- 
ment In this rat there was an increase in mitosis and cell height in 
the thyroid, as well as stimulation of the follicles of the ovaries 
Autopsy revealed a cyst of the pituitary gland 

It is noteworthy that in all groups mitotic activity m the thy roid 
and in the parathyroid gland of each animal was approximately' equal 
The melanism of this stimulation is not clear at present Several 
possibilities seem tenable 

(a) Testosterone stimulates the thyroid and parathyroid glands 

directly ^ 

E and Starr, P , Jrcfi Int Med , 1S38, 61, 726 

* Bmei, A. M , and Marble, B B , J Sxp Med , 1937, 65, 15 
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(b) Testosterone stimulates the thyroid and parathyroid glands 
either by way of the anterior pituitary or through some other gland 
of internal secretion 

The second thesis seems more plausible, especially since tlie changes 
noted so closely parallel those m the ovary which we have shown are 
stimulated by way of the hypophysis Experiments are under way 
at present to clarify these points 

Conclusion Testosterone propionate is capable of stimulating 
the thyroid and parathyroid glands of the intact immature female 
rat This stimulation is manifested by increased mitotic activity 
and by histological evidence of functional activity 
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The Mechanism of Action of Heparin* 

Morris Ziff and Erwin Chargaff 

From the Departments of Biochemistry and Surgery, College of Physicians and 
Surgeons, Columbia University, Few Tori 

It IS knoNvn that heparin does not prevent the coagulation of a 
fibrinogen solution by purified thrombin ' It likewise is unable to 
prevent the conversion of isolated prothrombin to thrombin ' “ To 
exert its powerful anticoagulant action, heparin requires an addi- 
tional factor which is known to be present m blood, plasma, and 
serum ^ * ° This factor has been shown bj" Quick* to be contained 
in the serum albumin fraction 

We have investigated the activity of various components of the 
albumin fraction in producing the anticoagulant effect of heparin on 
the fibnnogen-thrombm system 

The thrombin was obtained by the method of Eagle," and the 
fibrinogen was prepared in the usual manner by repeated precipita- 

* This work has been snpported by a grant from the John and Mary B Markle 
Foundation 

1 HoweU, W H , and Holt, E , Am J Physiol , 1918 1919, 47, 328 

sMellanby, J, Proc Boy Soc (London), 1934, B 110, L 

3 Quick, A. J , Pboc Soc Exp Bloi,. and Med , 1930, 35, 391 

•1 Quick, A J , Am J Physiol , 1938, 12S, 712 

6 Bnnkhous, K M., Smith, H P , Warner, E D , and Seegers, W K., Am J 
Physiol , 1939, 125, 683 

0 Eagle, H., J Oen Physiol , 1935, 18, 631 
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tions with sodium chloride Heparin was used in the form of the 
pure sodium salt t 

The activities of the albumin components studied are shoum in 
Table I, which reproduces a typical experiment The letters m the 
first column of this table stand for the following compounds A, 
crystalline albumin from human serum, prepared by Dr F E 
Kendall of the Research Division for Chronic Diseases, Welfare 
Island We are greatly indebted to Dr Kendall for different speci- 
mens of this substance B, albumin from sheep plasma, prepared 
according to Howe ’ C, fraction from human plasma msoluble at 
55% saturation with ammonium sulfate, presumably containing the 
globoglycoid of Hewitt ® D, fraction from human plasma msoluble 
at 75% saturation with ammonium sulfate E, fraction from human 
plasma insoluble at 100% saturation with ammonium sulfate. This 
fraction presumably contained the seroglycoid of Hewitt ® F, the 
supernatant solution after removal of E, dialyzed and concentrated 
by ultrafiltration 

All substances were dissolved in phjsiological saline and care- 
fully adjusted to the neutral point The pH measurements were 
performed by means of the glass electrode The experiments were 
carried out at room temperature as follows 0 1 cc of a thrombm 
solution (from human plasma), 006ccofa03% heparin solution, 
and 0 06 cc of the protein solution were mixed Three minutes later 

TABLE I 


Influence of Albumin Fractiona on the Anticoagulant Effect of Hepann 


30” 3' 5' 10’ 15 20 25' 

A, (9 mg N/cc) without hepann 

4- 

” ” with ” 

+ 

A, (4 5 mg N/cc) without hepann 

-h 

” ” with ” 

+ 

B, (1 4 mg N/cc) without hepann 


” ” with ” 

C, (1 2 mg N/cc) without hepann 

+ 

” ” with ” 

+ 

D, (2 7 mg N/cc) without hepann 

— — — + 

jj -With 

E, (1^ mg N/cc) without hepann 

-b 

” ” with ” 

F, (2 2 mg N/cc) without hepann 
” ” with ” 

— + 

+ = clot 


1 We wish to thank Hoffmann LaJJoche, Inc, Xutlei, N J, for the heparin 
preparation used 

T Howe, P E , J Biol Chem 1921, -lO, 93 

8 Hewitt, L F , Bwchem J , 193S, 32 20 

3 Hewitt, L. F , Biochem J , 1930, 30, 2229, 1937, 31, 300 
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0 2 cc of a fibrinogen solution was added to the mixture Fibrinogen 
preparations from human and sheep plasma gave essentially the same 
results In the control experiments 0 06 cc of saline were substituted 
for the heparin The tubes were examined for clots at fixed intervals 
m order to avoid unnecessary agitation The concentration of the 
protein solutions used in the experiments reproduced in Table I is 
■expressed in mg N per cc of protein solution 

As shown in Table I, the crystalline albumin fraction even when 
tested in fresh solution is entirely inactive as a complement of 
Tiepann The activity appears to reside in the most soluble fraction 
of the serum albumin It might be mentioned that the albumin solu- 
tions prepared by Howe's method retained their activity for more 
than 50 days It is not possible to state definitely whether the activity 
IS due to a single component of the albumin fraction Additional 
work will have to be carried out with respect to this question A 
-detailed report on this work and related aspects will be published at 
a later date 

It might be mentioned that occasionally individuals are encoun- 
lered whose clotting time responds to heparin to a slight degree only 
It will be of interest to see whether the heparin complement here 
discussed is lacking in the serum of these patients 
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Chloride Excretion in Hypothyroidism 
D J Stephens (Introduced by W S McCann ) 

From the Department of Medtcmc, Umvertity of Bochester School of iledictne, 
and the Medical Clinic, Strong Memorial and Socheetcr Mvnictpal Sospitals, 

Bochceler, N T 

Cutler, Power and W ilder,' using a standardized sodium chloride 
depletion test, have shown that the chloride concentration in the urine 
-of patients with Addison’s disease is significantly and consistently 
higher than in controls These observations have been confirmed by 
others ’ Six of 8 patients with clinical hypopituitarism, studied 
-under similar conditions, have shown increased concentrations of 
chloride in the urine comparable to those found in patients with 

1 Cutler, H H., Poiver, M. H , and Wilder, B. M , J Am Med Asen , 1938, 

111, iir 

2 Drycrre, H W , Edinburgh Med J , 1939, 46, 267 
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Addison’s disease Symptoms suggesting those of the Addisonian 
crisis developed in 4 of the 6 patients with abnormal chloride ex- 
cretion, and were promptly relieved by the administration of sodium 
chloride and adrenal cortex extract These observations were in- 
terpreted as evidence of the occurrence of chronic adrenocortical in- 
sufficiency in clmical hypopituitarism, presumably secondary to with- 
drawal of the adrenotropic antenor pituitary pnnciple,® 

Decourt* has recently reported lowered blood chloride levels m 
myxoedema and suggests that the thyroid gland may play a role in 
the regulation of chloride metabolism Lowering of the basal 
metabolic rate is a prominent characteristic of hypopituitarism, and is 
occasionally observed in patients with Addison’s disease However, 
in such patients, the administration of thyroid substance for the 
purpose of raising the metabolic rate may precipitate the crisis of 
acute adrenal insufficiency ® Similar reactions have not been re- 
ported in myxoedema In the present study of a group of patients 
with primary hypothyroidism, normal values for serum chloride were 
found and a normal response to sodium chloride restriction was ob- 
served 

Six patients with the clinical and laboratory characteristics of 
primary hypothyroidism were studied In 2 patients the hypothy- 
roidism was post-operabve In each instance there was a satisfac- 


TABIiE L 

Chlonde Excretion ia Hypothyroidigm. 


Patient 

BME 

Urine chlonde (as NaCl) 
4-hr spec , 3d day 

Mg per 100 cc 

EJ! 

—24 

50 

M.1. 

—24 

95 

AT 

—25 

68 

M.H 

—27 

79 

D3 

—30 

140 

M.BL 

—42 

49 

Controls, 17 cases 


111 



35 244 

Addison’s disease, 8 cases* 


487 



382 593 

HTpopitmtarism 6 cases 


518 



364-690 

2 cases 


65, 240 

•Includes cases of Cutler, Power and Wilder i 


* Stephens, D J , Am J Med Sei , 1940, 109, 67 
Dccourt, J , Ann d med , 1938, 44, 133 
5 Means, J H., The Thyrotd and Its Diseases, J B Lippineott Co , Philadel 


phla, 1937, p 530 

0 Lennan, J , and Salter, W T , Endocnnoloay, 1939, 25, 719 
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tory response to the subsequent administration of thyroid sub- 
stance The standard procedure described by Cutler, Power and 
Wilder' was used The chloride concentration of a 4-hour urine 
speamen collected on the third day of chloride restriction in each 
of the 6 patients is shown m Table I In each case, this value falls 
well within the range which has been found in control subjects No 
significant change Avas observed in the serum concentration of 
chloride, the carbon dioxide combining power or the blood non- 
protein nitrogen None of the patients experienced any untoward 
symptoms during the period of sodium chloride restnction 

CoiicIkswus Six patients with primary hypothyroidism, in whom 
chloride excretion was studied during periods of sodium chloride 
restriction, showed no evidences of limitation of adrenocortical 
function 
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Dissociation of Pneumococcus by Radon Irradiation 
T T’ung AND Chien-Liang Hsu (Introduced by S H Zia ) 

From the Departments of DaoterxoXogy and Immunology and Sadiotogy, Fexp\ng 
Union MedtcaJ College, Peiping 


Although extensive studies have been made on the bactericidal 
action of various rays emanated from radio-active substances' very 
little attention has been paid to the cultural and morphological 
changes that may follow such irradiation Spencer* first called at- 
tention to the possibility of producing in a certain number of in- 
stances, distinct and stable morphological variants by exposing Strep- 
tococcus hmnolyheus and E typht to the gamma rays of radium 
While some changes were noted in the cultural characteristics of 
these variants, few details were given It has occurred to us that m 
addition to the morphological changes observed by Spencer, varia- 
tions in cultural characteristics serological specificity, and virulence 
might also result from irradiation A comparison with another dis- 
soaant obtainable by the conventional method seems desirable For 
these purposes, we have chosen the pneumococcus in our studies 
as the dissociants of pneumococcus are well known and readily ob- 

1 Spencer, B B, FiMie Bealth Eeport (Wash, DC), 1934, 49, 183 

2 Spencer, K K., Tbxd , 1936, BO, 1642 
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tamable In the present communication, the effect of non-lethal 
gamma ra)'s from radon tubes on T}'pe I pneumococcus is described, 
and the dissociants thus obtamed are compared mth those produced 
b} immune serum alone 

A virulent culture as plated and 10 colonies ere picked m order 
to alloi\ for the possible presence of some “radon-resistant” forms 
in the original culture The organisms were groira in test tube 
5 5x15 cm containing 2 cc li\ er-digest broth containing 1 % glu- 
cose After inoculation, radon tubes or bulbs of about 150 milhcune 
strength, encased in a brass capsule one mm in thickness, 6 mm m 
diameter and 30 mm m length, as placed in the same tube In this 
i\a}, gamma ra)s onl} were obtained. The tube v-as then incubated 
at 37°C Eier^ 48 hours the culture was transferred into a new 
medium with the brass capsule containing radon tubes or bulbs 
E\erj 24 hours the radon in tubes or bulbs was replenished to the 
initial strength of about 150 millicurie Plates w ere made e\ erj- daj 
and colonies carefull) studied Occasional!} , the culture w as found 
to be contaminated, ±en the transfer w as continued b} picking some 
colonies from the plate made from the last irradiated culture. At 
the same time the following parallel e.xperiments were run (1) 
Culture with brass capsule without radon (control) (2) Culture 
grown m broth contaimng 5% homologous immune serum, and (3) 
Culture grown m broth containing homologous serum and 
irradiated w ith radon at the same time. 

Residts As the results with 2 senes of experiments were essen- 
tiall} identical, onh one of them is descnbed in detail After the 2nd 
transfer, colonies of the irradiated culture were found to be larger 
and more com ex and mucoid than the controls, but returned to 
normal after another 3 transfers From then until the 10th transfer, 
onl} smooth colonies were obtained Fne of such from the 10th 
transfer were inoculated into broth and the organisms were found 
to be full} \arulent Suddenh after one more transfer, striking 
changes were brought about the colonies were all small, dr} and 
extremeh rough, but were complete!} soluble in bile and agglu- 
tinable b} T}-pes 2 and 3 sera Twent} out of about 200 colonies 
obtained from the 11th irradiated culture were transferred to broth 
and tested for \ irulence It w as found that the sedimented organisms 
deri\ed from as much as 20 cc of broth culture failed to loll white 
mice The sunmng animals were susceptible to the ■vnrulent or- 
ganisms These dissoaants remained stable after weekl} transfers 
for at least 6 months At no time w as a smooth colon} obsen ed in 
an} of the subcultures Attempts to reiert 10 sudi colonies b} the 
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mouse-method^ were negative It thus appeared that the dissocia- 
tion was complete Similar results were obtained rvith the second 
series, the onl) difference being that this sudden change in cultural 
characteristics and virulence took place after the 13th transfer 

The result from the control experiment was as follows No change 
was observed rvith cultures containing brass capsule only, thus 
ruling out the possible dissociative effect of brass The cultures 
grown m 5% immune scrum broth also dissociated into rough 
forms The following differences, liowc\er, were noted (1) The 
pneumococcus grown in immune serum showed gradual changes 
from S to R rvhile that seeded in the presence of radon irradiation 
exhibited sudden changes (2) The loss of vnrulence of the 
serum-treated organisms appeared less complete Even after the 
20th transfer, 2-3 cc of broth culture could kill mice from which 
fully virulent pneumococcus could be recovered In the presence of 
immune serum, a fewer number of transfers and a shorter period of 
irradiation were required to bring about dissociation by radiation 
Thus in one experiment, only 5 daily transfers were necessarj' to 
produce 95% rough colonies from the radiated cultures They pos- 
sessed all the characteristics of those produced by radon alone 

From the above observations, it seems that irradiation with 
gamma rays obtained from radon can regularly induce a diange of 
smooth to rough form of pneumococcus so complete that it was 
impossible to revert the dissociants to the primary state Further- 
more by a combined action of immune serum and irradiation, it 
has been possible to achieve the same results but in a much shorter 
period of irradiation This latter observation may offer a plausible 
explanation of the mode of therapeutic action of X-rays m cases of 
pneumococcal lobar pneumonia * 

Summary Type I pneumococcus could be dissociated by gamma 
ray radiation The rough forms appeared suddenly, becoming totally 
avirulent and irreversible This dissociative change could be achieved 
m a shorter period of irradiation by the addition of immune serum 


3 Griffith, F , J Hj/i? , 1928, 37, 113 

4 Scott, W B , Jtndiologv, 1939, S3, 331 
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Reco^ery of Antigen from Type I Pneumococcus Immune 

Precipitate 

Szu-cHiH Liu ai.d Hsien Wu 

From the Department of Biochemistry, Peiping Union Medical College, Peiping, 

China 


In previous reports’ * from this laborator)% it has been shoi\n 
that the liberation of antibody from immune precipitate b} the action 
of acid or alkali is due to a shift of equilibrium as follows 

acid or alkali 

B G W B G J . + xB 

m n ^ ~ — m X B ‘ 

neutral 

Where G = antigen, B = antibod) and BmGn = immune precipitate 
formed in neutral solution Upon treatment with acid or alkali, a 
part of the antibody xB, is set free from the precipitate BmGn, leai - 
mg behind an acid or alkaline precipitate, Bm iGn Since the acid 
or alkaline precipitate, Bm iGn has a higher antigen content than the 
neutral precipitate, BmGn, it should, when separated from the free 
antibody, xB, liberate some antigen upon neutralization The pur- 
pose of the present study is to test this point 

Portions of Tj-pe I Pneumococcus horse immune precipitate (4 
mg N each) were treated with dilute HCI or LaOH of different 
concentrations m the presence of 1% NaCl according to the technic 
reported in a previous communication ' After centrifuging the 
supernatants were used for pH determinations The acid or alka- 
line precipitates w^ere evenlj suspended in 2 cc of normal saline and 
neutralized The neutralized suspensions were centrifuged One cc 
portions of the neutralized supernatants were mixed w ith 1 cc of the 
same homologous antiserum, which was used in preparing the 
original immune precipitate, while the remaining portions were 
mixed w ith normal serum as control The mixtures w ere incubated 
at 37°C for 2 hours and then chilled at O^C o\ermght Precipita- 
tion occurred m some of those tubes containing antiserum, but not m 
the tubes w'lth normal serum That the precipitation was caused 
bj a combination of antigen and antibod) and was not a repre- 
cipitation of dissoh ed immune precipitate bj mass action effect w as 
show'n bj the fact that saline washings of Tj-pe I Pneumococcus 

1 Lin, S C , and Wu, H , Chinese J Fhynol , 193S, 13, 449 

2 Liu, S C , and Wu, H , Ppoc Soc Exp Biol, and ilm , 1939, 41, 144 
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immune precipitate, when mixed with the homologous antiserum, 
gave no precipitation tmder the same experimental conditions 

The precipitates were centrifuged at 0°C and washed twice with 
1 cc saline also at 0°C The N contents of the precipitates were 
determined by micro-Kjeldahl method A control precipitin experi- 
ment was done by adding known amounts of the same lot of Type 
I Pneumococcus polysaccharide to the same lot of antiserum as that 
used in preparing the original immtme precipitate under the same 
experimental conditions The amount of precipitate N was plotted 
against the amount of polysaccharide The amount of polysac- 
charide recovered at different pH’s m the recovery experiment was 
then read from the control precipitin curve The results are shown 
in Table I It will be noted that antigen was recovered only m com- 
paratively more acid solutions, where the recovery of antibody was 
previously showm to be over 50% When the pH was higher than 
3 38, the amount of antigen recovered was too small to be estimated 
accurately 

Summary Antigen was recovered from Type I Pneumococcus 
immune precipitate from which some antibody had been removed 
by treatment with acid This experiment substantiates our previous 
finding that the recovery of antibody from immune precipitate by 
the action of acid or alkali is dtie to a shift in the antigen-antibody 
equilibrium The present finding also suggests a possible method 
for the isolation of pure antigen which may be useful when it cannot 
be obtained otherwise 
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Further Studies on Type-Specific Protein of C orynebactertum 

dtp/ifhertae 

Sam C Wong and T T’ung (Introduced by C E Lim ) 

From the Department of Bactenologv and Immanology, Peiping Union Medieal 

CoUege, Peiping 


In a previous study’ it was found that a serologically active, type- 
specific protein could be prepared by mild alkaline extraction at low 
temperature from the ivell-known Park 8 strain In view of this 
finding it seems of interest to extend this observation to other types 
of C dtphthcna; in order to determine (1) whctlier tlie method of 

1 Wong, S-un C , and T’ung, T , Pnoa Soc Eip Biou a^d Med , 1939, 4Si, 824 
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extraction has a general application and (2) \\hether the protein 
IS responsible for type-specificitj of all tj'pes 

Method The organisms employed for the present investigation 
were selected at random from the representative types of Sia and 
Huang s scheme of classification of C diphtheria; - Seven strains 
belonging to 5 serological types and including the cultural tj^ies of 
graMS, intermediate and mitis were used All but one (strain No 7) 
were virulent The growing of the organisms, the method of pre- 
paring tile protein antigens and the production of immune sera with 
the 7 strains \\ ere the same as those previously' outlined ' In addi- 
tion, immune sera of the following strains were also prepared 8, 9, 
10, II In all instances 2 rabbits for each strain, making a total of 
22, were used The precipitin ring test was performed at room tem- 
perature by carefully' lay ing various dilutions of the antigen over a 
constant amount of undiluted immune serum and the results, read 
2 hours later The protein content of each preparation was esti- 
mated by' determining the total nitrogen with the Micro-Kjeldahl 
method The nitrogen \alue was multiplied by the protein factor 
6 25 to give the concentration in milligrams In the table one mg of 
protein is expressed as 1 1000 dilution 

In the course of this investigation several difficulties arose In 
the first place the diphtheria bacilli are essentially poor antigens 
While a type-specific agglutinating serum could be obtained generally 
in about 3-4 weeks of immunization in rabbits, a precipitin serum 
either for the proteins or for the polysaccliandes may require several 
months In 2 instances (strains 2 and 4) antibodies could not be 
detected by' various dilutions of the polysaccharide although preapi- 
tins w ere present when tested with the protein antigens at high con- 
centrations Satisfactory' sera for strains 2, 4 and 5 were obtained 
only after 6 months of immunization New animals were used for a 
few of the strains without any apparent success In the second 
place, sera of rabbits immunized with C diphtheria; invariably ac- 
quired anticomplemcntary properties This fact renders the com- 
plement-fixation test inapplicable for the detection of type-specific 
antibodies In the third place, serological activities of the proteins 
varied w ith different preparations At times it was almost impossible 
to decide whether the protein was inactive or whether the immune 
serum was unsuitable In general, how ever, the potency' of an im- 
mune sera for the specific protein antigen may be estimated by its 
precipitin titer for the polysaccharide The higher the titer for the 

SSui B H P, and Huang, C H, Ibid, 1939, 41, 348 
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latter the more suitable is the serum for the demonstration of the 
t 3 -pe-specific antigen. 

Chemical Studies -AH the protein preparations obtamed gave the 
usual color reactions for proteins (biuret, xanthoproteic Hopkms- 
Cole and Millon) The\ could be preapitated b> neutral salts such 
as ammonium sulfate and sodium sulfate, b) heai"} metals such as 
copper sulfate or lead acetate, and bj trichloracetic and tanmc acids 
The Mohsch test for polj saccharide in 1 500 dilution of the protein 
uas negatiie Extraction of proteins with ether did not destroj 
t}-pe-specificit) but their serological actmties were reduced. This 
indicates that the speafic component is not a hpoid-complex. 

In our preMOus report^ we found that the tj-pe-specific protem 
prepared from Park 8 w as heat-labile, being com erted mto a group 
specific protem upon heating at 56°C for 30 minutes Subsequent 
stud} on this and other t}’pe-specific proteins, how e\ er, show ed that 
this observation has no general application and appears to var} with 
different preparations which m turn depend upon a number of im~ 
determined factors It seems that the more active the preparation 
the com ersion is more hkel} to occur although complete destruction 
of serological activit) bv heat has } et to be observ'cd. Indeed, all the 
protem preparations emplo)ed in the present stud} in concentrations 
of 5-10 mg could w ithstand heating at 122°C for 20 minutes w ithout 
alteration of t}-pe-speaficit} nor diminution of serological activitv 
However, the phenomenon of t}'pe to group-specific conversion could 
be demonstrated with certain preparations particular!} from some 
strains (Park S and No 3) Furthermore all proteins prepared by 
1% potassium h}dro\ide extraction of orgamsms in boding water 
bath are group-specific although the serological activut}' in general 

TABLE I 

IVpe-apecificitT of Proteins ns Shown bv Precipitin Bcactions. 


Serum 'type 

~i ciT 

£• D41 

3 D43 

4 ©43 

5 ©14 
C* 6267 
7* X 

8 ©25 

9 ©30 

10 ©40 

11 1219 

•Sera vriucli Uave been prcvionslr absorbed 
tlndicatcs negative to 1 500 ddnfaon of tbc protein. 


Protein 

1 2 3 4 5 6 7 

1 100,000 1 5,000 _ _ _ _ _ 

1 5,000 1 1,000 _ _ _ — — 

_t — 1 100,000 1 5,000 _ _ _ 

— — 1 10,000 1 1,000 _ _ _ 

_ _ _ _ 1 5,000 — — 

— 1 10,000 — 

— — 1 5,000 
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extraction lias a general application and (2) whether the protein 
IS responsible for type-specificit} of all types 

Method The organisms employed for the present investigation 
were selected at random from the representative types of Sia and 
Huangs scheme of classification of C diphtheria ' Seven strains 
belonging to 5 serological tj^ies and including the cultural types of 
gra\ IS, intermediate and mitis were used All but one (strain No 7) 
nere virulent The growing of the organisms, the method of pre- 
paring the protein antigens and the production of immune sera with 
the 7 strains were the same as those previously outlined ' In addi- 
tion, immune sera of the following strains were also prepared 8, 9, 
10, 11 In all instances 2 rabbits for each strain, making a total of 
22, were used The precipitin ring test was performed at room tem- 
perature by carefull} lajing various dilutions of the antigen over a 
constant amount of undiluted immune serum and the results, read 
2 hours later The protein content of each preparation was esti- 
mated bj determining the total nitrogen with the Micro-Kjeldahl 
method The nitrogen value was multiplied b> the protein factor 
6 25 to give the concentration in milligrams In the table one mg of 
protein is expressed as 1 1000 dilution 

In the course of this investigation several difficulties arose In 
the first place the diphtheria bacilli are essentially poor antigens 
While a t 3 Tie-specific agglutinating serum could be obtained generally 
in about 3-4 weeks of immunization in rabbits, a precipitin serum 
either for the proteins or for the pol^'saccharides may require several 
months In 2 instances (strains 2 and 4) antibodies could not be 
detected by various dilutions of the polysaccliande although precipi- 
tins were present when tested with the protein antigens at high con- 
centrations Satisfactory sera for strains 2, 4 and 5 were obtained 
only after 6 months of immunization New animals were used for a 
few of the strains nithout an}' apparent success In the second 
place, sera of rabbits immunized mth C diphthcna invariably ac- 
quired anticomplementaiy properties This fact renders the com- 
plement-fixation test inapplicable for the detection of t}'pe-specific 
antibodies In the third place, serological actmties of the proteins 
varied with different preparations At times it was almost impossible 
to decide whether the protein was inactive or whetlier the immune 
serum was unsuitable In general, however, the potenc} of an im- 
mune sera for the specific protein antigen may be estimated by its 
precipitin titer for the polysaccharide The higher the titer for the 

2 sin, E. H P , and Huang, C H , Ihid , 1939, 41, 348 
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Conclusion From the observations made on the chemical and 
immunological studies of the polysaccharide, hpoid, and protein frac- 
tions obtained from representative serological and cultural types it 
IS justifiable to conclude that the alkali-soluble protein is the cellular 
constituent responsible for type-specificity in C diphthencc 
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Thyroid Enlargement Following Liver Feeding in Rats 

H C Hou 

From the Division of Physiological Sciences, Henry Lester Institute of Medical 

Research, Shanghai 


That the feeding of liver to animals produces an enlargement of 
the thyroid gland was reported by Hunt,^ who found that tlie thyroid 
of mice fed on a diet of oatmeal and liver was larger and more vas- 
cular than of those on a diet of eggs, crackers and milk Marine® 
produced a hyperplasia of the thyroid in brook trout by feeding 
them with liver and heart Burget* found that rats kept under 
hygienic conditions and fed a high protein diet, consisting of fresh 
liver and lean beef mixed with a little oatmeal or bread crumbs, 
developed a hj^ierplasia of the thyroid All tlie above reports of 
enlargement of the thyroid were interpreted as due to the high pro- 
tein diet 

Recently, Remington'* reported that in a low iodine goiter-produc- 
ing diet, the replacement of a part of the wheat gluten by dried pig 
liver aggravated the degree of goiter, while purified casein prevented 
goiter formation, and yeast had no effect This led Remington to 
believe that the liver in his goiter-producing diet was responsible for 
the enlargement of the thjroid The writer (Hou“) m the same year 
reported that rats fed on a soj bean-millet diet with dried liver powder 
as the only source of animal protein developed a marked hypertrophy 
of tlie thyroid gland The enlargement was over 10 times when the 
animal was fed on the millet and liver diet for over a year It 
becomes of great interest to know which constituent or constituents 

1 Hunt, Held, J Am Med Assn , 1911, 157, 1032 
= Marine, D , J Exp Med , 1914, 10, 70 
3 Burget, G E , J Physiol , 1917, 44, 492 
^ Benungtou, R. E,, J Kntntion, 1937, 13, 223 
c Hon, H C, Chinese J Physiol , 1936, lO, 659, 1937, 12, 488 
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was low The mechanism underlying these reactions is being 
studied 

Serological Studies The results are presented in Table I It is to 
be noted that all sera except strains 2 and 4 used in these studies were 
very potent when tested with the polysaccharide, precipitin titers 
ranging from 1 200,000 to 1 500,000 being observed An analysis 
of the data reveals several points of interest In the first place pro- 
teins from certain strains appear to be more active in serological 
test tlian others For example antigens prepared from strains 1, 3, 
6, 7 gave a specific reaction w'lth the homologous type sera in dilutions 
of 1 50,000 to 1 100,000 while those from strains 2, 4 and 5 reacted 
in only 1 5000 It is conceivable tiiat the marked difference in 
serological activities of the various antigens may be due either to 
denaturation of the antigen during preparation or to unsuitable 
serum In the second place none of the proteins reacted with hetero- 
logous type-sera produced w'lth strains 8, 9, 10 and 11 In the third 
place all the protein antigens are strictly type-specific with the ex- 
ception of those from strains 6 and 7 Even here there was a quan- 
titative difference, the protein reacting with the homologous serum 
to a much higher titer In order to show the ty^pc-specificity, recip- 
rocal absorption tests were carried out between the undiluted immune 
sera of strains 2 6 and 7 and the organisms The results showed 
that the common precipitins were promptly removed The titers of 
the resulting type-specific sera, however, were significantly lowered 
when retested with the homologous protein In case of sera of 
strains 6 and 7 there w as a ten-fold drop in the precipitin titer This 
may explain the marked cross reactions observ'ed in the slide agglu- 
tination test with these strains 

Covimciit The result of the present study shows clearly (1) that 
the method, consisting of alkaline extraction of bacilli previously 
defatted, is applicable to all the types studied and (2) that the pro- 
tein IS the cellular component responsible for type-specificity For 
the demonstration of the latter point, serum from supenmmunized 
animals in general is necessary Furthermore, if marked cross re- 
action occurs in the agglutination test it is also likely to occur with 
the protein antigens The difference, however, is quantitative and 
the common antigenic factor could be easily removed by reaprocal 
absorptions between immune serum and the heterologous orgamsm 
It may be mentioned that the third cellular component of C diph- 
tberuc, the hpoids, obtained from all the 7 strains are, like the 
polysaccharides,” group-specific. This is in agreement with the ob- 
servation previously reported on Park 8 ” 
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enlargement of the tlnroid Furthermore, iihen the Iner had been 
extracted with alcohol (diet A7b) its feeding did not induce any 
enlargement of the th}Toid On the other hand, the inclusion of tlie 
residue from the alcoholic extract of li\er in the diet contaming 
dried beef (A7c) caused the thjroid to increase m size to a degree 
approximating the enlargement due to the dried Iner diet (A7) 

It appears, therefore that the factor whicli causes an enlargement 
of the th} roid m rats lies m the alcohol-soluble portion of the dried 
Iner The enlargement as shown b\ histological examination was 
general m character w ith the organ a little more \ ascular and cellular 
than normal Further experiments are being carried out to deter- 
mine the actual substance present in the alcohol-soluble portion of 
Iner which causes the enlargement of the thxroid 
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Cultivation of Virus of Encephalitis (St Louis T>T5e) on Agar 

Tissue Medium 

K, H Paxg (Introduced bi S H Zia ) 

From the Department of Bactemotogv and Immunolopy, Petpinq Union ^edieal 

College, Peiptnq 

Although the iirus of encephalitis of St Louis t\-pe has been suc- 
cessful!} cultnated bi Maitland technic and on the chorio-allantoic 
membrane of de\ eloping cliick*'^ the titer obtained in these cultures 
has been inianabh low None of the cultures showed a titer as 
high as 1(T® eien after repeated passages Recenth Kawakita" has 
reported successful cultnation of Japanese encephalitis iirus in a 
special medium containing chick allantoic fluid It has occurred to us 
to attempt to cultn ate the \ irus of St Louis t}-pe on the agar-tissue 
medium which has been found to be satisfactori for the growth of 
Aarious t}'pes of rickettsiae * ' The results of such a stud% together 

1 Swerton, J T , and Bcrrr, G P Science 1P35 82, oPG 

2 Hamson, R W' , and Moore, E, Am J Path 1*137 J*J, 3C1 

•> Schultz, E W* , Williams G F , and Hctlicnngton A , Ppoc '=o<' Exp Biol. 
AX-n XlED 1938, 38, "99 

1 Smith, M G Pnot Soc Exp Biol, and Med 1039, 40, loi 

j Kaivakita, T, Jap T Erp ifed , 1939 17 211 

0 Zinsser, H , FitzPatnck F K and Wei, H , J Exp 3Ied 1939, OD 179 

"Zia, S H Liu, P Y and Pang K H Chinese Ved 193S T* ■:47 
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of the diet is or are responsible for the enlargement of the thyroid 
The follow ing series of experiments were accordingly carried out 
Albino rats of the Wistar strain w'ere selected with reference to 
litter mates and sex when about one month old Five rats, each from 
a different litter, w'ere put into one group The litter mates were 
put into 3 other groups The 4 groups were given 4 different diets 
as foliow's 


Soybenn Flonr 

450 

A7n 

Soybean Flonr 


450 

Millet 

500 


Millet 


600 

Sodinm Chloride 

20 


Sodium Chloride 


20 

Dried Oi Liver Powder 

30 


Dried Beef 


30 




Carotene (0 008 mg 

per 





rat per day) 






Ostelin 


2cc 

^01 bean Flour 

450 

A7c 

Soybean Flour 


450 

Millet 

500 


Millet 


500 

Sodium Clilondc 

20 


Dried Beef 


30 

Dried Ov Liver (extracted 



Sodium Chloride 


20 

with Alcohol) 

30 


Residue of Alcohol 

Ex 


Carotene (0 008 mg per 



tract of Ox Liver (from 


rat per day) 



30 g of dned liver) 



Ostehn 

2 cc 


Ostebn 


2 CO 


The rats w'ere kept on these diets for 3 months and then sacrificed 
The th 3 moid glands w’ere weighed with a micro-analytical balance 
immediately upon their removal from the body The w'eights of 
thyroid glands of the various groups are shown in Table I 

It will be noted that rats fed on diet A7 had the largest thyroid, 
next rats on ‘\.7c, then those on A7a Rats fed on A7b had the 
smallest thyroid wdiich is wuthin the normal range of thyroid weight 
From these results it appears that the dried ox liver was the constit- 
uent in the diet which caused the marked enlargement of the thyroid 
since the substitution of luer by dried beef resulted in only a slight 

table I 


Influence of Liver and Liver Extract on Thyroid Gland. 



A7 


A7a 

A7b 


A7c 







(Alcoholic extract 


(Dried ox 

liver) 

(Dried beef) 

(Extracted liver) 

of 

liver 


Body wt Thyroid 

/ \ 
Body wt Thyroid 

Body wt Thyroid 

Body wt Thyroid 


g 

mg 

g 

mg 

g 

mg 

g 

mg 

- 

127 

58 7 

96 

14 8 

67 

9^ 

UO 

318 


98 

53 8 

88 

19 0 

150 

16 0 

120 

38 3 


138 

55 5 

93 

24 3 

164 

17 0 

130 

35 4 


108 

33 8 

156 

42^ 

158 

13 5 

140 

60 0 


90 

29 7 

113 

23 6 

147 

181 

111 

28^ 
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methods Attempts have been made to utilize the cultured virus for 
the preparation of immunizing vaccine but so far only equivocal re- 
sults have been obtained Witli tlie recent report of Kurotchkin® on 
the successful cultivation of vaccinia virus on tlie same medium, 
further trials with some other viruses seem to be indicated 
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Ultraviolet Absorption Spectrum of Cytochrome C 

George I Lavin, Charles L Hoagland and S M Ward 
(Introduced by O T A\er) ) 

From ihe Laboratories and Hospital of the Sod cfeller Institute for Medical 
Fesearch, New Tori 

Dixon Hill and Keilm^ published the ultraviolet absorption curve 
of C}1:ochrome c A sharp maximum was found at about 4150 A 
Other than a plateau in the region 2600-2900 A no other structure 
was detected Roche and Beneicnt" also found a similar curve 

The cytochrome c used was prepared from fresh beef heart bv 
the method of Keihn and Hartree “ Tetrapyrrolic iron was deter- 
mined b> the dipyndyl technic of Hill,'* follou ing the treatment of 
C}'tochrome c with alkali and hydrogen peroxide Seieral lots were 
assayed for the hemm iron content with an average value of 0 39% 
The theoretical value is around 0 4% ' 

Since It IS known that the absorption cun es obtained with the line 
source and photometer may fail to show all the details of tlie bands ® 
photographs were taken with the continuous light of the hjdrogeii 
discharge tube and a small Hilger quartz spectrograph The spec- 
trum obtained is dran n in Fig Ja The band at 4150 A is seen, also 
other bands not clearh indicated in the curie The band in the 
region of 3500 \ is rather diffuse as are the other bands in the pro- 
tein region Not shoun m the illustration are bands in the region 
2550-2600 \ These are of such intensiti that it is difficult to 
obtain their exact v ai e length ® 

8 Kurotchkin, T J, Paoc Soc Exr Biol, asd Med, 1930, 41, 407 

1 Dixon, M , Hill, K , ond Koilin, D , Proc Fov Soc B, 1031, 100, 29 

2 Roihe, T , and Bcnc\ont M T , Bull Sor Clnnt Biol 1030 IT, 1473 

0 Kcilin, D , nnd Hiirtroo, E F , Proc Foil hoc B 1037 11^, 29S 

1 llill, R , Proc Foil Soc B, 1030 107 205 

■ Thcorcll, H , Science 1030, 00, 67 

oLnvin, G I , and Nortlirop T H 7 Im Chcni Soc 1033 >7 b74 
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with a jircliminarj stud) on the immunizing \a!ue of A'accine pre- 
pared from tlicse cultures are hereb) communicated 

The Mrus, Webster No 3, which has full \irulence for mice, was 
propagated in the follow ing fashion Intected mouse brain, diluted 
with serum-T)rode solution mixture (1 5) to 10% by weight was 
filtered through Seitz E K pad after brief centrifugalizatioii "V 
small amount of the filtrate was inoculated on to a small piece of 
)oung mouse embr)onic tissue in a sterile Petri dish These were 
minced together and after being allowed to stand for 15 to 20 min- 
utes at room temperature, the finel\ cut tissue bits were carefull) 
laid on the surface of agar slants emplo>ed for the cultivation of 
rickettsiae These cultures were incubated at 37°C, and transferred 
every 5-8 da}s B) this method, the virus has been carried for over 
40 generations in a period for more than 10 months The actniti of 
the virus for Swiss mice b) intracerebral injections of different 
generations was found to be as follows 10^ for the sixth, 10^ for 
the sixteenth, 10'" for the twent) -first and ICk® for the tlurtv -fourth 
generations of cultures It was also found that as little as 10^ or 10*^ 
dilution of the filtrate of infected mouse brain or onh a few LD 
for mice could successful!) initiate cultures on agar tissue medium 
These observations showed conclusive!) that there has been satis- 
factory multiplication of the virus on embrjonic tissue lying on the 
surface of agar containing serum and T)rodc solution, and that the 
titer in each generation might reach that of infected mouse brain 
Furthermore, relativeh small amount of v'lrus mav initiate tliese 
cultures w Inch suggests that the cultural method might be applicable 
in the isolation of virus 

Vaccine was prepared bv grinding the tissue bits collected from 
several tubes and preserved with 0 1% formalin Each cc of the 
vaccine contained materials which had 10,000 MLD for mice 
before inactivation Immunization experiments have been attempted 
with 10 mice inoculated intrapentoneallv at 3 da) s’ interv'al with 
2 5 cc and another 10 mice with 1 5 cc of the vaccine One w^eek 
after the last injection, the mice receiv^ed intracerebral injections of 
1,000 M L D for mice So far none of the animals that received 
culture vaccine survived the infecting dose Howev er, the possibiht)" 
of employing this cultural method for the preparation of successful 
vaccine remains to be further exploited 

CoDtiueni In contrast to the results of previous w'orkers, it has 
been possible, b) means of the agar tissue medium, to cultiv'ate the 
vurus of encephalitis of St Louis t)pe, for over 40 generations with 
no decrease in its virulence for mice It has also been possible to 
obtain higher titer of multiplication than was possible by previous 
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stitched to the two nearest corners of the platform with silk ligatures 
An incision about 2 cm long was then made through a part of the 
uterine w'all which was free of placental attachments, the membranes 
ruptured and the hind-quarters of the foetus delivered until the 
umbilical cord came into a lew If the foetus a\ as lying in a favorable 
position, It was possible to expose the umbilicus wuth the umbilical 
vessels A\ithout delnering any part of the foetus The umbilical 
cord w'as then ligatured in 2 places as close to the umbilicus as pos- 
sible dnided, and the placental end delivered through the wound m 
tlie uterine wall Thereafter the foetus w^as replaced within the 
uterus and the uterine wall stitched up again leaving only the free 
end of the umbilical cord protruding With practice it was possible 
to perform this operation w ithout anj appreciable loss of amniotic 
fluid, so that the intrauterine pressure was not materially altered 

The Aessels of the cord were cleaned, a cannula was inserted into 
the umbilical arter} and perfusion of the placental circulation im- 
mediately started by means of a small Di\on pump The perfusion 
apparatus w as the same as w as used by Robson and Schild * Another 
cannula w'as rapidly inserted into the umbilical \ein to collect the 
perfusion fluid and thus pre\ent distention or clotting within the 
placental circulation 

The infloAV perfusion pressure was recorded on the kynnograph by 
a mercury manometer The blood passing from the pump to the 
umbilical artery was kept at body temperature by passing the rubber 
tubing, which connected the two through the heating apparatus of 
the operating table The venous return from the umbilical artery 
was allowed to flow by gravity through the cannula and rubber 
tubing to the reser\oir of die pump The dead space of the perfusion 
apparatus (about 20 cc) was filled either with saline or with blood 
taken from the maternal circulation Coagulation was prevented by 
means of repeated additions of heparin to the contents of the reser- 
voir Approximately 4 mg of heparin dissohed in 1 cc Rmger- 
Locke solution were required e\ery half to one hour The 
cannulae w ere maintained in position by skew ering them to the cork 
platform and this insured that there was no kinking of or traction 
upon the umbilical \tssels 

The contractions of the part ot the uterus containing the foetus 
w ere siniultancously recorded by means of a Cushny myograph By 
the use of a small celluloid window and pads of cotton wool the 
abdominal contents w ere maintained at a normal body temperature 

The minute \olumc of the circulation in the full-term foetus has 
been estimated to be of the order of 0 1 cc/g weight of the foetus in 

1 Itolison, T M , find s^cliild, It O , t PhviwJ 1P3S t>2 0 
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Rg.1 

When c}tochrome c is treated ^\Itll sodium formaldehyde sulf- 
oxylate (CH;OHOSONa) the band at 3500 A disappears and a new 
band appears at about 3100 A, as depicted in Fig lb At the same 
time the ■well characterized band of reduced cytochrome c becomes 
apparent in the \ isible at 5500 A Experiments are now in progress 
to determine the possible reversibility of this process and the complete 
significance of the above data is being further investigated 
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A Technique for the Perfusion of the Foetal Placental 
Circulation • 

R F Dawson AND J M Robson ( Introduced by A J Clark) 

From the Department of Pharmacotopy, Vntrcreity of Ediniurgh 

Investigation of the larious factors which control the placental 
circulation has necessariK been limited ow’ing to the experimental 
difficulties involved It is suggested that the following teclmic may 
offer a line of approach to some of the problems inv'olved 

Methods The experimental animals used were cats or bitches 
which were in an adv'anced stage of pregnancy Rabbits were found 
to be unsuitable owing to the friability of the placental vessels 
Anesthesia was induced with open ether, and maintained with 
chloralose given intravenously in a dose of 100 mg/kilo body weight 
Both vagi were cut, and the carotid blood pressure recorded by 
means of a mercury manometer The abdomen was opened with as 
short an incision as was compatible with adequate access, and a part 
of the uterus containing one foetus brought up into the wound A 
small cork platform approximately' 5 cm square was approximated to 
the section of uterus ex-ppsed and the uterine peritoneum loosely 

* The expenses of this investigation have been defrnved br a grant from the 
Medical Besearch Council 
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goats (Barcroft, ct nl ■) The weight of the foetus of the cat m the 
later stages of pregnanci is about ^0 g In order to insure an ade- 
quate Iilood flow through the placenta the Dixon pump was adjusted 
to delncr about 8 cc/min , and at this rate the perfusion pressure 
w as usuallj approxiinateh SO mm Hg 

At the end of each experiment the adequac) of the perfusion was 
checked by injection of methylene blue into the lenous cannula, 
and subsequent examination of the placenta In all cases it was 
found that the perfusion had been satisfactory 

Results When 1 pg of acctjl choline was injected lntra^enousl} 
into the maternal circulation it cause a small and transitory fall in 
the maternal blood pressure, but had no effect upon eitiier the uterine 
contractions or the perfusion pressure Ten pg caused a greater 
fall in the maternal blood pressure, but again did not affect 
cither uteri contractions or perfusion pres'^ure When 1 pg of 
acetyl choline was injected into the arterial cannula of the perfusion 
system, a slight and transitory rise occurred in the perfusion pressure, 
and this effect was greater and more prolonged when the amount of 
acetyl choline injected was increased to 100 pg In neither case w'as 
there any demonstrable effect upon either the uterine contractions or 
the maternal blood pressure 

Adrenalin yvas injected into the perfusion sy'stem in doses of 
1 to 100 pg In one experiment a sustained rise in perfusion pressure 
folloyyed the injection of 10 pg of adrenalin, but in none of the other 
experiments did the administration of the drug produce any' effect on 
the perfusion pressure the matenial blood pressure, or the uterine 
contractions 

01-10 unit pituitary (posterior lobe) extract injected into the 
maternal circulation caused a prolonged rise in the maternal blood 
pressure, and an mertast in lx>th the rate and the amplitude of the 
uterine contractions yyith a consequent increase in the rate and 
amplitude of the yariations in the perfusion pressure This is 
illustrated in Fig 1 When 1 unit was injected into the perfusion 
system it caused a sustained rise in perfusion pressure, yy ith, in one 
case an increased rate of uterine contractions In no case yyas any 
effect on the maternal blood pressure noted 

A constant observation in these experiments yvas that cy'clical 
variations m perfusion pressure occurred symchronously yvitli the 
uterine contractions This is in contradistinction to the findings 
during artificial perfusion of the maternal-uterine circulation, yvhere 
uterine tone and motility have no appreciable effect upon the per- 
fusion pressure (Robson a nd Schild^) 

2 Barcroft, J , Kciiacdr, J A , and Mason, M F , J' Physiol , 1939, 05, 2C9 
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Fia 1 

Cat Sb 38 Upper tracing Uterine contractions Middle tracing Perfusion 
pressure Lower tracing Maternal blood pressure Signal 1 unit pituitary 
(posterior lobe) extract injected intrnicnouslT into maternal circulation Time 
intervals 1 min 

In addition to tliest. variations in perfusion pressure it was also 
observed that the return of blood from the placenta into the reser- 
voir of the perfusion pump was not a continuous flow, but was at a 
maximum during the period of uterine relaxation and during the 
tarlv part of a contraction and then sharplv decreased as the con- 
traction developed These results suggest that uterine tone and 
motilitv mav plav a part m aiding the retuni of blood from the 
placenta during the later stages of pregnanev The results also offer 
ev idence that the blood flow through the foetal placenta is markedlv 
decreased bv the contractions of the uterus 

Clark"' found that during uterine contractions there CKCurred a 
transient rise followed b) a fall m the foetal blood pressure and 
ascribed the fall to a reduced venous return from the placenta to the 
heart This is in agreement with our own results on the return of 
blofid from the placenta during uterine contractions 

~ atlnrk, G A J P/iv<tiol 1932,74 391 
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Effect of Metrazol on Cerebral Vessels 
Hekry S Forbes A^D Gladys I Nason 

From ihe Department of KeuropnthoJogp, JIarrard lletJieal School, Boston 


At the beginning of a convulsne seizure in animals caused by 
metrazol (pentamethjlenetetrazol), pallor of the brain surface has 
been reported Liebert and Al'eil attribute this to ‘Sasospasm” * 
Watterson and Macdonald on the other hand, find “no certain e\i- 
dcnce that the con\ulsioii is either caused or accompanied b) cere- 
bral \asoconstrictioii ’ but theA do find that drugs causing Aaso- 
dilation tend to inhibit metrazol seizures ■ 

To get more accurate data on the vascular response to metrazol 
15 cats and one monkej have been studied as follows The diameters 
of pial arterioles and venules o^er the parietal cerebral cortev were 
measured b> microscope through a cranial window ’ Metrazol 



BEFORE AFTER 

METRAZOL 


FiO 1 

Photomicrograph* of pial vessel* before and after intravenous injection of 4% 
metraiol (40 mg per kilo) The arteries (A) veins (V) and their branches are 
ail dilated in the second photo taken 65 seconds after the injection Taken on 36 
mm film — ocular XlOj objective X3 

1 Liebert, E , and Weil, A., Arch Neurol and Ptychiat , 1939, 42, 690 

2 Watterson, D J , and Macdonald, R , J Meni Sci , 1939, 85, 392 

3 Forbes, H S, Arch Neurol and PsycJnat , 1928, 19, 751 
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(8 to 80 mg per kilo, m 4% solution) was injected into the 
saphenous vein or carotid arterj' (46 trials), or it was applied localFy 
to the surface of the brain (5 trials) Dialljl barbituric acid was 
used for anestliesia except in two instances, ^\hen intraperitoneal 
magnesium sulphate was used * Cerebrospinal fluid pressure from 
the cistema magna was recorded by photokjTnograph ■* 

The findings were these The pial arteries (and veins) dilated 
(Fig 1) The dilation usually started a few seconds before the 
first twitches were seen Occasionally the seizure appeared first 
(Fig 2) After a 5-second intravenous injection of metrazol the 
latent period before the first sign of dilation averaged 10 seconds 
(26 trials) The latent period before the seizure averaged 15 
seconds 

Sometimes, however, the vasodilation had passed and the vessels 
W’ere contracting when the con\ulsion started (Fig 3) and some- 



Fio 2 

Diintion of jnnl nrtm J-nrhi roniiiKitm Alngncsium aalplmte nncathesin 
Artificinl rcapirntion Motrnrol — 17 mg jior kilo (1 cc 4% solution) naa injected 
into a leg icin Ccrcljrospiml fluid pressure (CSJP ) is recorded bv the top edge 
of the black area, ivliicli is the photographic tracing of the meniscus of fluid in a 
1 mm bore manometer connected nith the cistcrna Blood pressure ivas taken from 
the right common carotid hirst loniailsiie tivitclies occurred one or 2 seconds 
before the pinl nrterr started to dilate Xo consistent relationship is apparent 
between C SJ pressure, blood pressure and irterial calibre 

• The m igntsium sulphate aiiimnls did not react to metrarol ditferentlv from 
the others except be showing often a rise in blood pressure 

< Forbes, H S , Isnson G I , and Wortman, R C, irrU \ curni and Ptuclnnt , 
1937, 37, 334 
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Fio 3 

Dilation of pinl artcrr Laic contiih>ton Dial anestliesm Mctrarol — 10 mg 
per kilo (2 cc 4% solution) injcctecl Into a leg rein caused sudden fall in blood 
pressure Diameter of tins pial arterr «ns 214 microns Blood pressure was taken 
from the right common carotid Time marker records 5 second interrals Breaks 
in signal line (at bottom) indicate the presence of clonic muscular contractions 
The Intent period before this seizure was 3 times longer than usual 


times the dilation occurred witlioiit anv coinulsion (Fig 4) In 
otlier words, no constant relation was found between the seizure and 
the vascular change Vasoconstriction w as not obsen ed 

The sjsteniic arterial pressure after a period of fluctuation, 
usualh fell Sometimes it remained almost unchanged Respira- 
tions often stopped for 5 or 10 seconds and then became very rapid 
In some experiments artificial respiration (wuth bilaterallj opened 
thorax) w'as carried out Neither the incidence of convulsions nor 
of vasodilations was affected b) changes m respiration or in blood 
pressure 

Leibel and Hall found a decrease in cerebral blood flow (in rab- 
bits) immediatelv following the injection of metrazol ° The) also 
noted a fall m blood pressure Undoubtedh tins fall was the cause 
of the decreased flow', which took place in spite of the local vaso- 
dilation In those experiments of ours in which the blood pressure 


5 Irfibel, B S , and Hall, G B , Proc Soc Exp Biol, and JtEU , 1938, 88, 894. 
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Fig 4 

Dilation of pial arterv No contulnon Dial ane* Lcsia Artificial respira 
bon, open thorax. Jletrazol — 50 mg per kilo (3 cc 4^^ soln*ion) inj<s,teii in o a 
leg Tern cansed a prononnced fall in blood presinre The pial arterr (104 microns 
m diame er) dilated promptlx but no eonrnlsion occmred. The nse m cerebrospinal 
fluid pressure — recorded br top of black area — happened in this instance to < 1 x 11 
chrottize nth the period of xa'odilation. This relabonship x-as no* cons*aDt 
hox-exer 

remained constant or rose it is fair to assume that the flow increased 

The rise in cerebrospinal fluid pressure after each metrazol in- 
jection showed no constant relation to an_\ 01 the other \-ariables 
which were measured fFig 2 ) 

SiiJiniiarx In animals metrazol caused cerebral xasodilation 
This was unrelated to changes m blood pressure or in respirauon 
and show ed no con'-tant relation to con\-ul=n e seizures No cerebral 
xasoconstriction was observed 
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Configuration of Glutamic Acid Isolated from Subacute 
Lymphatic Leukemic Tissue Proteins 

L Earle Araow, Jeanette C Opsahl and C J Watson 

/"ram the Lahoratonet of Physiological ChemietTy and Internal Medicine, 
Unti^stty of Minnesota, Minneapolis 


The exact relationship of leukemia to neoplastic disease has not 
been determined Tlie following types of human neoplasm, when 
examined by the procedure used b} KogI and Erxleben ' have been 
reported to yield partly racenuzed glutamic acid " carcinoma of the 
ovary, carcinoma of the breast, adenocarcinoma of the colon, and 
sarcoma of the thigh Normal human tissues (ovaries, colon) have 
been reported to yield only 1 ( +)glutamic acid ' 

We have isolated glutamic acid from the liver and spleen of a 
patient who died of subacute lymphatic leukemia Microscopic ex- 
amination revealed that at least 20% of the liver, and 30% of the 
spleen, were composed of leukemic areas Major portions of these 
organs removed at autopsy were placed m alcohol Following trans- 
port to the laboratory, the tissues were finely minced, after which 
they were co%ered uith 0 1 iV hydrocliloric acid and heated several 
hours on the steam batli until a majority of the material had gone 
into solution Sufficient trichloracetic acid then was added to make 
a concentration of 10% The precipitated proteins were filtered off, 
washed and extracted several times with hot alcohol in order to re- 
move trichloracetic acid The proteins were dried at 110° and hpids 
partly w’ere extracted w ith boiling ether Hydrolysis and isolation of 
glutamic acid were then carried out as described by Kogl, Erxleben, 
and Akkerman ° The results obtained are recorded in Table I No 
racemic acid was isolated from the leukemic tissues 


TABLE I 


Melting point % of racemic 

umorreited [ajj,* (m 9% IICl) glutamic Bcid 


Leukemic liver 
’ ’ spletn 
Sarcoma (dog kidney) 


SOS 204° 
203 204° 
201 202 '* 


-fSl 3° 
-f31 0° 
+27 2° 


'Literature +3L7°, calculated for free 1(-F) glutamic ucid 


0 

0 

12 


1 Kogl, F , and Erxleben, H., / physiol Chem , 1930, 258, 57 
1 Kogl F , Z Kreisforsch , 1939, 40, 291 , Arnoiv, L E , and Opaalil Jeanette 
C , Saence, 1939, 90, 257, White, J , and Wliite, P R , J Bwl Chem , 1939, ISO, 


435 

3 Kogl, F , 


Erxleben, H., and Akkerman, A 


IL, Z physiol Chem , 1939, 201, 
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As a control, glutamic aad i\as isolated from protein obtamed 
from a ladne} neoplasm (dog) We are indebted to Dr E T Bell, 
Head of the Department of Pathology Unnersiti of Mmnesota 
Medical School, ho examined sections of this tumor and found it to 
be an imdifferentiated sarcoma 
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Configuration of Glutamic Acid Isolated from Proteins of 
Pig and Chick Embryo Tissues 

William G Clark, L Earle Arxow and Jeaxette C Opsahl. 
(Introduced by F H Scott ) 

Laboratories of Zoology and Physiological Chemistry, University of Minnesota, 

Minneapolis 


Since Kogl and Erxleben^ announced the isolation of partly 
racemized glutamic acid from malignant tissue protein, numerous 
confirmatory and non-confirmatory articles ha\e appeared The 
only laboratories other than Kogl s that ha^e in\estigated car- 
cinoma protein bi the Kogl-Erxleben procedure haye reported the 
isolation of parth racemized glutamic acid* Dittmar® obtamed 
only l(-l-) glutamic acid from Rous sarcoma and from Jensen sar- 
coma free of necrosis, but later* found racemic glutamic acid in 
mouse sarcomas and carcinomas containing some necrotic matenal 
Johnson' reported the isolation of glutamic acid contaimng small 
percentages of racemate from acid In droly sates of Jensen sarcoma 
but claimed that similar percentages were obtained also from normal 
mouse Iner protein hydroh sates 

Kogl, Erxleben and A-kkerman* found onh l(-f) glutamic acid 
in the hydrolysate of protein obtained from two- to threVmonths-old 
calf embry os The embn onic tissues of other animals hay e not been 
myestigated from this point of yiew Since the metaboli-=m of 
malignant tissue is similar m many respects to that of embryonic 


1 K5gl F , and Enleben, H , Z physiol Chcm 193q, 255 57 
a Vrnow L. E , and Opsahl J C , ^cirncr IPSl, OO "ir yvi,itp t in. . 

F R ./ Biol 1030, 130,43-, Da.can, C 7 103^ 4^ Tl ' 

3 Dittmar, C., Z Krehsforsch , 103Q, 49^ 307 
^ Dittmar, C , F Krcbsforsch 1Q39 40 441 
3 Johnson T "NL, J Biol Chrm 3040 132 

Erxleb^^n, IL, and ykVennan A Chsn , I930 20I, 
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tissue, obviously it is important to imestigate the configuration of the 
glutamic acid obtained from the latter 

We have isolated glutamic acid from the proteins of pig and chick 
embryo tissues The isolations proved unexpectedly difficult, and 
glutamic acid hydrochloride crystallized only after standing in satu- 
rated hydrochloric acid solution for several weeks Nine percent 
hydrochloric acid was used as a solvent in the determinations of 
optical rotation The specific optical rotations reported in Table I 
have been calculated for free glutamic acid (literature 31 7"’ for 
acid) The melting point (more properly, the de- 
composition point) of glutamic acid hydrochloride varies somewhat, 
depending on the method used for its determination By the method 
employed bv us, known pure l(-t- ) glutamic acid hydrochloride melts 
at 203-205° 


T VBLE I 



Protein, 

g 

Glutamic acid HCl 
(Final Yield) 
mg 

Melting point 

[aln 

Pig 

9J> 

37 4 

203 204° 

-f31 8° 

Chick 

15 7 

2341 

203 204° 

-f3L7° 


E\ pcniiicntal Pig Embryos Pig embryos varying in length 
from 750 to 1000 mm, and in weight from 20 to 50 g each, were 
used The bones were just beginning to calcify Two hundred g of 
fresh total embryo tissue were macerated to a brei in a hand coffee 
mill The brei was placed in a heav'y cloth bag, and immersed several 
times in about 500 cc of boiling water to which a few drops of con- 
centrated hy'drochlonc acid had been added After centrifugation, 
the precipitated protein was washed with aqueous alcohol solution 
(14) until the washings were free of chloride The washed protein 
was dried at 110° pulverized m a mortar, and washed 3 times witli 
boiling ether Yield 9 2 g of protein Hvdrolysis and isolation of 
glutamic acid hy'drochloride were carried out as described by Kogl 
Erxleben and Akkerman “ 

Cluck Embryos The entire bodies of 704 sev'en-day -old chick 
embr\os were removed from eggs incubated by a standard method, 
blotted carefully with filter paper to remove excess moisture and 
weighed (397 g) After maceration, the tissue was cov^ered with 
0 1 hydrochloric acid and heated on a water bath until a majontv 
of the material had gone into solution (6-8 hours) Sufficient tri- 
chloracetic acid was now added to make a concentration of 10% and 
the precipitated protein was allowed to settle After filtration with 
suction, the protein was washed repeatedly with alcohol and ether 
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(to remove trichloracetic acid and tlie majority of adsorbed lipids) 
The protein thus isolated weighed 15 7 g following drymg at 110° 
Hydrolysis and isolation of glutamic acid hydrochloride again were 
carried out by the procedures used by Kogl, Erxleben, and Akker- 
man ° 

Sintnnary Proteins obtained from the embrj^onic tissues of 
chicks and pigs have been hjdrolvzed, and the glutamic acid hydro- 
chloride obtained from the hydrol} sates examined m the polarimeter 
The glutamic acid hydrochloride isolated was entirety the 1 ( + ) 
variety 
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Effect of Trypsin on Development of Rana ptpiens 
Alfred F Bliss ( Introduced by L G Barth ) 

From the Department of Zoology, Columbia Universitv 


Proteases secreted b) the embrjos of numerous species of fish and 
amphibia are believed to be important factors m bringing about 
hatching b} digestion of the egg membranes It has been asserted 
that m teleosts this protease is much like trj psm and so pow erful that 
It attacks the embrjo itself * This statement conflicts %\ith the dic- 
tum that In mg organisms are resistant to digestne enzj-mes A 
striking confirmation of the latter mcw is Northrup’s demonstration 
of the immumt-s of a wide ^arIety of organisms to concentrated 
tr}-psm ■ 

These conflicting statements suggested the desirability of m\ esti- 
gatmg the action of tnpsin on the cmbr\ ologicallj useful amphibian 
Ratta pipiais Since this anuran appears to possess a hatching en- 
zyme the effect of tr^psm on both membranes and embryonic Ma- 
blht^ was studied The eggs were stripped of excess jellj on paper 
toweling and immersed m a 10% solution of dial} zed tra^psin made 
up in 10% Ringer solution Each experiment m\ohed 25-50 eggs 
Table I gnes some U-pical results ^ 

These results arc in agreement with Northrup s work m their 
clear distinction between the susceptibility of the membrane proteins 
and the resistance of the In mg organism to tn*psin The possibihn 
sugges ted b\ w o rk on teleosts, of a genera l embnome sensitnity to 
1 Ncpdhnm, T , Chcmirnl Fmbruolonv 3^ 15(17 

iXorthrup T I fen riiyeiolorjii 1 P 2 G !) -inr 
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tissue, obviously it is important to investigate the configuration of the 
glutamic acid obtained from the latter 

We have isolated glutamic acid from the proteins of pig and chick 
embrjo tissues The isolations proved unexpectedly difficult, and 
glutamic acid hydrochloride crystallized onij after standing in satu- 
rated hydrochloric acid solution for several veeks Nine percent 
h}droch]oric acid i\as used as a solvent in the determinations of 
optical rotation The specific optical rotations reported m Table I 
ha\e been calculated for free glutamic acid (literature -f- 31 7° for 
1 (4')glutamic acid) The melting point (more properl}, the de- 
composition point) of glutamic acid h}drochloride vanes somenhat, 
depending on the method used for its determination B} the method 
employed b} us known pure 1 f-f) glutamic acid h}drochlonde melts 
at 203-205= 


TABLE I 



Protein, 

e 

GIntamic acid HCI 
(Final yield) 
mg 

■UeltiDg point 

Mn 

Pig 


37 4 

203 204“ 


Chick 

15 7 

2341 

203 204' 



Erpcnnieutal Ptg Evibrvos Pig embr}os varying in length 
from 750 to 1000 mm, and in weight from 20 to 50 g eacli, were 
used The bones were just beginning to calcif} Two hundred g of 
fresh total embrjo tissue were macerated to a brei in a hand coffee 
mill The brei was placed in a hea\'y cloth bag, and immersed several 
times m about 500 cc of boiling water to wdiich a few' drops of con- 
centrated Indrochlonc acid had been added After centrifugation, 
the precipitated protein was washed w'lth aqueous alcohol solution 
(14) until the washings were free of chloride The washed protein 
was dried at 110= pulverized in a mortar, and washed 3 times with 
boiling ether Yield 9 2 g of protein H}drol)Sis and isolation of 
glutamic acid hydrochloride were earned out as described b^ Kogl, 
Erxleben and Akkerman “ 

Chick Embryos The entire bodies of 704 seven-day-old chick 
embryos were removed from eggs incubated by a standard method, 
blotted carefully W'lth filter paper to remo^e excess moisture and 
W'eighed (397 g) After maceration, the tissue was co\ered with 
0 1 iV hydrochloric acid and heated on a water bath until a majority 
of the material had gone into solution (6-S hours) Sufficient tri- 
chloracetic acid was now added to make a concentration of 10% and 
the precipitated protein was allowed to settle After filtration with 
suction the protein was w'ashed repeatedly with alcohol and ether 
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m mind, experiments were undertaken to determine whether the 
antibod}, which accumulates m the papillomas m various amounts 
dependmg upon the titer of it m the blood and upon the local \'ascular 
conditions determining its extra^ asation ma} not influence the anti- 
genicity of extracts of the growths 

The antigenicity of the papilloma iirus as determined by its 
capaaty to ehat antibody upon intraperitoneal mjection into normal 
rabbits w as found to be markedly reduced w hen antibody w as mixed 
w ith it III vitro in amounts suffiaent to neutralize it When an excess 
of antibody was added to a filtrate containing highl\ mfectious nrus, 
the mixture elicited no antibody upon repeated intrapentoneal in- 
jections into normal rabbits, although the control mixture con- 
taining saline and the same amount of \irus (approximateh 20 000 
mfectious doses for each animal ) pro\ed highly antigenic 

To procure i irus-induced papillomas that were certain to contain 
the extra^asated antibody in quantity a number of cottontail and 
domestic rabbits carrynng \igorous confluent growths of 2 to 4 
weeks’ duration were injected mtrapentoneally with large quantities 
of acti\e Mrus This greatly raised the titer of serum-antibody but 
resulted m no new lesions not only because the rabbits w ere already 
partially immune to the Mrus but because the Mrus acts only upon 
epidermis After the serum-titer had remained for 10 days or more 
at the high le\el to which it had been brought the rabbits were killed 
for material Although nounshed by blood containing much anti- 
body the growths had enlarged steadih — no unexpected finding since 
circulating antibody is known to be ineffectne against Mrus asso- 
ciated with Ining papilloma cells - The growths were washed with 
soap and water and rinsed well to reduce the number of contam- 
inating bacteria and then cut away with sterile instruments diced 
and sa^ed in 50% gly cerol-Locke’s solution in the refrigerator 
Other rabbits not h-i-per immunized but carryung growths of the 
same duration and dernation and hence haMng \arious but com- 
paratnely small amounts of antIbod^ in their blood and presumably 
little extra\'asated antibod\ in the growths were likewise killed and 
their papillomas sa^ed After the growths had been kept m cold 
gly ceroI-Locke s for penods up to 2 weeks 1 10 or 1 J20 saline sus- 
pensions were made of tliem These were centrifugalized lighth 
and the supernatant liquids all heaMK opalescent but free irom 
gross tissue-dcbris w ere injected intrapentoneally into normal rab- 
bits the injections being repeated 8 or 9 da\s later After a further 

'Kidd T G Beard J W„ and Hou« P J Erp Ifrd lOSC <M, fi3 70 Kidd, 
J G J Trp ilea , 103S, 07 331 
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TABLE I 



Material 

pH 

Time, 

20°C 

Eesnlt 

1 

Eeks in early clcavaco stnecs 

ea C 

G 

hr 

Membranes fragile 


f t y f >r ty 

” 3 

3 6 

tt 

Hatched 

3 

ft ft tt tt ft 

t r 

116 

t t 

Membranes fragile 

4 

Membranes removed from 3 

f * 

0 

t t 

Xorraal development 

5 

4, pins tr digestion residue 

tt 

12 

i y 

Development stopped 


digestue enz)nies is not substantiated While tins may still be tlie 
case in teleosts, it seems more likeh that the injurious action of tlie 
egg contents on the embrjos A\as due to digestion products 

The parallelism between the effects of tiwpsin and normal hatching 
in Rana pipicus is m agreement with the theorv that normal hatching 
IS due to a digestn e enzjme It should be pointed out in this con- 
nection that the power of trjpsm to mimic normal hatching makes it 
useful in large scale chemical work with earh stages of anurans 
where the presence of the difficulth remo\able membranes may prove 
a hindrance to anal) sis or penetration 
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Effect of Extravasated Antibody upon Antigenicity of Extracts 
of Virus-Induced Rabbit Papillomas 

JoHx G Kidd 

From the Ijahoratonc^ of the ItoclrfeUcr Inxiitnlc for Ifrrfioof Sesearch, jXrm 

Tori, \ r 

Saline suspensions of Mrus-mduced rabbit papillomas may stimu- 
late the production of specific antniral antibod) when injected in- 
traperitonealh into normal rabbits as Shope found, even though 
they contain no pathogenic \irus demonstrable b) the ordinarj' 
test' In experiments of the same sort we found that saline 
extracts containing infectious papilloma Mrus in quantity elicited 
the antibod) in much higher titer than extracts in which little 
or none w as present " Other studies already reported from 
this laborator) ha^e showm that the antibod) often extravasates 
into the large disorderl) papillomas of cottontail rabbits in sucli 
quantity as to “mask” the causatne rirus ’ and that the antibody can 
be identified as such in extracts of the grow ths * With these findings 

1 Shope, H E , J Exp Med , 1937 03, 219 

2 Kidd, J G , Pboc Sor Exp Biol axd Med , 1938, 37, 05" , J Exp Med , 

1938, 08, 703, 725, 737 

SKidd, J G,J Exp Med , 1939, 70, 683 

4 FnedcTvnia, W F , Pboc Soc Exp Biol, axd JIed , 1939, 43, 380 
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m mind, experiments were undertaken to determine whether the 
antibod), which accumulates in tlie papillomas in Aarious amounts 
depending upon the titer of it in the blood and upon the local Aascular 
conditions determining its extraAasation ma} not influence the anti- 
gemat)' of extracts of the grow-ths 

The antigenicit} of the papilloma Aims as determined bA its 
capacit} to elicit antibodi upon intraperitoneal injection into normal 
rabbits w as found to be markedh reduced w hen antibod) aa as mixed 
A\ ith it in vitro m amounts sufficient to neutralize it \\ffien an excess 
of antibodA was added to a filtrate containing highl) infectious Aims, 
the mixture elicited no antibod) upon repeated intraperitoneal in- 
jections into normal rabbits, although the control mixture con- 
taining saline and the same amount of Aims (approximateh 20 000 
infectious doses for each animal ) proA ed highh antigenic 

To procure a irus-induced papillomas that a\ ere certain to contain 
the extraAasated antibodA m quantitA a number of cottontail and 
domestic rabbits carrjing rigorous confluent groAAths of 2 to 4 
AAeeks' duration were injected intraperitoneal!) AAith large quantities 
of actiA'e A'lnis This great!) raised the titer of serum-antibod) but 
resulted in no new lesions not onh because the rabbits a\ ere alread) 
partiall) immune to the rums but because the Airus acts onh upon 
epidermis After tlie senim-titer had remained for 10 dars or more 
at the high lerel to Aihich it had been brought the rabbits Aiere killed 
for material ‘\lthough nourished br blood containing much anti- 
bod) the growths had enlarged steadih — no unexpected finding since 
circulating antibod) i^ known to be meffectne against A'lrus as«o- 
ciated with In mg papilloma cells •' The growths were washed with 
soap and Aiater and rinsed well to reduce the number of contam- 
inating bacteria and then cut aw a) with sterile insfmments diced 
and saAed in 50^^ gh cerol- Locke s solution in the refrigerator 
Other rabbits not li)Tienmmunized but carrAing growths of the 
same duration and dernation and hence haiing Aarious but com- 
paratnel) small amounts of antibodi in their blood and presumabh 
little extraAasated antibodi m the growths were likewise killed and 
their papillomas saied After the growths had been kept m cold 
gl) cerol-Locke s for periods up to 2 weeks 1 10 or 1 20 saline sus- 
pensions were made of them These were centrifugahzed hghth 
and the supernatant liquids all heaAih opalescent but free from 
gross tissue-debns A\cre injected mtraperitoneall) into norma! rab- 
bits the injections being repeated S or 9 daAS later After a further 

' KkW T G Boinl T Al md Rous P J rif l'>3(5 04, 03 7<1 KiOil, 

J G, J Exp Vrd, laas 07, SAJ 
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intena] of 8 to 10 days the rabbits were bled from an ear lem and 
tested for resistance to the papilloma \ irus, \\ ith tests also of the 
serum for antibodj b} means of standardized neutralization and com- 
plement-fixation tests “ 

^Materials derned from 10 wild and 11 domestic rabbits ^\ere used 
in 7 comprehensive experiments The results were consistent and 
can be summarized together Extracts of the 7 wild- rabbit papillo- 
mas that contained mucli infectious Mrus (and by inference little or 
no free antibod} ) m\ariabl} pro\ed highly antigenic upon intra- 
peritoneal injection into normal rabbits, eliciting antibody in amounts 
roughly proportional to the quantity of a irus injected Extracts of 
3 vild and 6 domestic-rabbit papillomas, uhich contained in con- 
trast little or no infectious \ irus demonstrable on test, elicited anti- 
body in small or moderate amounts upon injection into normal rab- 
bits Extracts of the grou'ths coming from 5 domestic rabbits having 
notabh high serum-antibod} titers failed completel} to elicit antibody 
after repeated injections of large amounts (10 cc of 1 10 or 1 20 
saline suspensions) The non-antigenic extracts im ariabh contained 
considerable amounts of extra\asated antibod) as vas proved by 
their capacit) to neutralize added tiriis lu z’ltro The fact was noted 
incidentally that passivel) transferred antibody is often responsible 
for the resistance to the ^ irus tliat becomes manifest after extracts 
of papillomas containing much extraiasated antibod) are injected 
intrapentoneall) into normal rabbits 

The findings would appear to warrant the conclusion that antibody 
can reduce or abolisli the antigenicitj of the papilloma virus upon 
mixture witli it i/t I’llro and tliat sufficient antibody can extravasate 
into the virus-induced papillomas of wuld and domestic rabbits not 
onl) to neutralize the virus lilierated wffien the grow ths are extracted 
but also to render extracts or suspensions of some growths incapable 
of eliciting antibody upon injection into normal rabbits The find- 
ings disclose the limitations of immunization-experiments of the sort 
outlined as a means of demonstrating “masked” virus Since mucli 
antibod) is present in the blood of cottontails ha\ mg cancers deriving 
naturally from the ^ irus-induced papillomas and since extra\'asated 
antibody has been demonstrated m extracts of the cancers,' it follow s 
that the attempted immunization of normal rabbits with extracts of 
these grow ths w ill fail to provide decisive evidence as to w hether the 
virus IS or is not present m the malignant tissue, unless the effects of 
extravasated antibody can first be excluded 


BBadd, J G, Beard, J W , and Bous, P , J Exp Med 1930, <W, 03 79, Kidd, 
J G / Exp 3f«d , 1938, OS, 703, 725, 737 
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Demonstration of a Capsule on Brucella Cells 
I Forest Huddleson (Introduced b} W L Mailman ) 

From the Deportment of BactcrioJogii and Hygiene, Htclngan State College 


\11 smooth strains of the 3 species of Brucella ha\e been found to 
possess a definite capsule 

The technic for demonstrating the presence of a capsule on 
Brucella is as follows A dilute suspension of organisms is pre- 
pared m phj siological salt solution from a 48-hour li\er agar slant 
growth A drop of the suspension is drawn across a clean glass slide 
similar to the method of making a blood film Allow the film to 
dr} m air Place a small drop of Kesso India ink near one end of the 
slide and draw it o\cr the film of organisms by placing the end edge of 
another slide at such an angle that the India ink spread becomes 
thinned out After air dr} mg, the spread is flooded with an aqueous 
solution of crsstal violet (5 cc of saturated alcoholic solution of 
cr}stal eiolet m 95 cc distilled water) The excess of stain is 
washed off the slide with distilled water at the end of 2 minutes 
The stained spreads ire dried m air 

When examined under the microscope magnification lOOOX, 
the organisms appear as dark purple cocci or rods located in the 
center or near the edge of a clear area surrounded b\ India ink The 
clear area which is the capsule \arics in sire from 2 5 to 4 The 
size of the capsule earies with the size of the stained cell 

The writer has met with no success m staining the capsule on 
Brucella cells 

The rough form of Brttctlla also shows a capsule V large pro- 
portion of the cells of this form emerge from the capsule when 
suspended and allowed to stand in distilled water at 37‘^C As the 
cell leaees the capsule, the cell becomes swollen and more mtenseh 
stained 

The capsule mar be remoeed from the cel! In digestion with hot 
chlorolorm-ether mixture acidified with IICI This treatment also 
destnns that part of the organism which is made risible In the usual 
staining methods 

Prehinmarr studies now in jirogrcss m this laboratorr show that 
the capsular material is comjiostd of lipids m dost, combination w ith a 
jioh saccharide 

Capsular sutHmg has not bttai demonstrated when organisms 
are incubated with specific strum 
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intenal of 8 to 10 da}s the rabbits were bled from an ear vein and 
tested for resistance to the papilloma virus, with tests also of the 
serum for antibody b} means of standardized neutralization and com- 
plement-fixation tests “ 

^Materials derived from 10 uild and 11 domestic rabbits were used 
m 7 comprehensive experiments The results were consistent and 
can be summarized together Extracts of the 7 wild-rabbit papillo- 
mas that contained much infectious \nrus (and by inference little or 
no free antibod} ) invanablj proved highly antigenic upon intra- 
pentoneal injection into normal rabbits, eliciting antibody in amoimts 
roughl) proportional to the quantitj of \ irus injected Extracts of 
3 wild and 6 domestic-rahbit papillomas, which contained in con- 
trast little or no infectious virus demonstrable on test, elicited anti- 
body in small or moderate amounts upon injection into normal rab- 
bits Extracts of the grow ths coming from 5 domestic rabbits having 
notabh high serum-antibod) titers failed completely to elicit antibody 
after repeated injections of large amounts (10 cc of 1 10 or 1 20 
saline suspensions) The non-antigemc extracts in\ ariably contained 
considerable amounts of extra\asated antibod}, as was prored bj 
their capacity to neutralize added \irus in vilro The fact was noted 
incidentally that passnel} transferred antibod} is often responsible 
for the resistance to the \irus that becomes manifest after extracts 
ot papillomas containing much extraiasated antibody are injected 
intraperitoneall} into normal rabbits 

The findings w ould appear to warrant the conclusion that antibody 
can reduce or abolish the antigenicity of the papilloma virus upon 
mixture with it in v\tro and that sufficient antibod} can extravasate 
into the ^ irus-induced papillomas of w ild and domestic rabbits not 
only to neutralize the Mnis liberated when the growths are extracted 
but also to render extracts or suspensions of some growths incapable 
of eliciting antibod} upon injection into normal rabbits The find- 
ings disclose the limitations of immunization-experiments of the sort 
outlined as a means of demonstrating “masked” \ irus Since much 
antibod} is present in the blood of cottontails having cancers deriving 
naturally from the virus-induced papillomas and since extravasated 
antibody has been demonstrated in extracts of the cancers," it follow's 
that the attempted immunization of normal rabbits with extracts of 
these growths wnll fail to pro\ide decisne evidence as to w'hether the 
virus IS or is not present in the malignant tissue, unless the effects of 
extravasated antibody can first be excluded 

0 Kidd, J G , Beard, J W , and Sous, P , J Exp Med 1930, 64, 03 79, Kidd, 

J G , J Eip Ued , 1938, <J8, 703, 725, 737 

7 Kidd, J G , and Sous, P , J Exp ileci , 1940, TI, 409 
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fanilamidothiazon and sulfamethylthiazol (2-sulfanilamidomethyI- 
thiazol) were added to this culture medium The drugs were 
dissolved by heating the broths in a water bath Then, tlie broths 
were tubed and autoclaved at 15 lb pressure for 12 minutes It 
may be mentioned that a change of the pH to the acid side occurred 
when sulfanilyl-sulfanilamide, sulfthiazol and sulfamethylthiazol 
were dissolved m the broth 

The strains of hemolytic and non-hemolytic enterococci were the 
same as those prei lously used m a study on the bacteriostatic action 
of sulfanilamide upon members of the enterococcus group “ In addi- 
tion to these, several strains were obtained through the courtesy of 
Dr H F Helmholz, the Mayo Clinic Rochester, Minnesota The 
strains were cultured in brain-heart infusion broth for 18-24 hours, 
this culture medium was also used for diluting purposes 

Table I presents an experiment in which the bacteriostatic action 
of various sulfanilamide derivatives m a concentration of 100 mg % 
upon a strain of hemolytic enterococcus (dilution of 1 125,000) 
was tested both at 37°C and 43°C It may be seen from this table, 
that (1) at 37® C, sulfanilamide and sulfapyridine lacked growth 
inhibitory action, whereas sulfanilyl-sulfanilamide and sulfathiazol 
delayed the grow'th of the microorganisms for a short period only 
(2) At 43°C, sulfanilamide failed to inhibit the growth of the en- 
terococcus , sulfapyridine delayed its groivth, and sulfanilyl-sulfamla- 

TABIiE I 

Baotenostatio Achon of 100 mg % of Snlfnnilamide, Sulfapyndwe, Sulfamlyl 
sulfanilamide and Sulfathiazol upon a Strain of Enterococcus hemolytictis in >4% 
Maltose Phenol Red Broth 


1 2 3 4 5 

Snlfamlj-1 

Hr of Control Sulfanilamide Sulfapyridine snlfanilamide Sulfathiazol 

Incubation broth broth broth broth broth 


1 

10 

+ + 

Incubation at 37°C 

4- 4-4- 



o 

18 

4- 4-4- 4- 

4- 4- 4- 4- 

4-4- 4- 4- 

-f-l — f- 


3 

24 

4- 4- 4- 4- 

4- 4- 4- 4- 

4- 4- 4- 4- 

-(-4 — i-4- 

4- 4- 4- 4- 

4 

48 

+ + 

4-4- 4- 4- 

4- 4- 4- 4- 

-(--(--{--i- 

4"4‘4-4' 

5 

72 

4-+4'‘i' 

4- 4- 4- 4- 

4- 4- 4- 4- 

4- 4- 4- 4- 


G 

120 

4~4~4'+ 

4- 4- 4- 4- 

4- 4- 4- 4- 

4-4- 4- 4- 

4- 4- 4- 4- 

1 

10 


Incubation at 43®C 



O 

18 

+ 

4-4-4- 

— 

— 



3 

24 

4-4-4- 

4-4-4- 

H — h + 





4 

48 

4-4-4- 

4-4-4- 

4-4-4- 




5 

72 

4-4-4- 

4-4-4- 

-i — (--(- 

— 



G 

120 

4-4-4- 

-f--f — i- 

4-4-4- 

— 

— 


— = No visible groivth 


4- to 4 — (-4-4- =vanou3 degrees of growth 
0 Neter, E , Proo Soc Exp Biol, and Med , 1940, 4S, 62 
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Comparahve Study on Bacteriostatic Action of Sulfanilamide, 
Sulfapyndme, Sulfandyl-Sulfanilamide and Sulfathiazol 
upon Enterococci 

Erwin Neter. 

From the Baclcnolofficat Lahoratones, Children's Sospital and UniversUp of 
Buffalo, School of ZIedictne, Buffalo, Few Tort 

At the present time it is not as yet possible to predict from the 
chemical composition of \anous sulfanilamide derivatives their 
chemotherapeutic activit}’ toward different microorganisms that 
are more or less susceptible to the action of sulfanilamide Thus, it 
is necessary to test the efficacy of new compounds both vi vitro and 
III z'wo It IS generall} agreed that sulfanilamide in therapeutic doses 
has little or no effect on enterococci Recently Helmholz' reported 
that sulfathiazol and sulfamethylthiazol in unne are bactericidal 
toward enterococci Hill" found that sulfanilamide, sulfapyndme 
and sulfathiazol in a concentration of 100 mg % have a marked 
bacteriostatic or germicidal action upon relatively small numbers of 
alpha-Streptococcus fccalis in urine This author made the im- 
portant observation that sulfathiazol as present in urine after ad- 
ministration of the drug exerts greater bacteriostatic activity than 
the lame amount added to norma! ^olded urine Long and Bliss’ 
observed that sulfanilamide, sulfapyndme and sulfathiazol in con- 
centrations of 10 mg % only slightly inhibited the growth of hemo- 
lytic streptococcus zymogenes (Group D) in beef infusion, 2% Neo- 
peptone, 0075% dextrose broth Clinically, Pool and Cook* re- 
ported sterilization of urine of patients harboring Streptococcus 
fccalis following the administration of sulfathiazol and sulfamethyl- 
thiazol, respectively The concentration of the drug in the unne of 
these cases exceeded 150 mg % The following in vitro experiments 
were carried out in order to determine the relative bacteriostatic ac- 
tivity" of various sulfanilamide derivatives toward hemolytic and 
non-hemolytic enterococci 

As culture medium J< 4 % maltose phenol red broth base (Difco), 
containing tryptose (1%), sodium chloride (0 5%), dipotassium 
phosphate (01%), and phenol red, w^as used Sulfanilamide, sulfa- 
pvridme, sulfanilyl-sulfanilamide (Disulon) sulfathiazol (2-sul- 

1 HelmhoU, H, F , Froc Staff Meetings Mayo Clime, 1940, IS, 66 

2 Hxll, J E., / Urol , 1940, 43, 491. 

3 Long, P H , and E A , Peoc Soo Exp Bioi.. akd Med , 1940, 43, 324. 

* Pool, T L , and Cook, E N , Proc Staff Meetings Mayo Chmc, 1940, 15, 113 
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Acetylmethylcarbmol Enzyme-System of Aerobacfer aerogenes 
M Silverman and C H Werkman 

From the Bacteriology Section, Industrial Science Bescarclt Institute, loxva State 

College, Ames, loica 

It IS generally accepted that in the formation of acetjlmetliylcar- 
binol from pyruMC acid by such bacteria as Acrobacter aerogenes, 
the acid must be first decarboxj lated to acetaldehjde No direct 
evidence, ho^ve^er, has been presented that Aerobacter can bring 
about such a decarboxj lation The difficult} has been due, in part, to 
the simultaneous actnit} of h}droclastic enz}Tnes, i e , enz}Tnes 
splitting p}ruMC acid into formic and acetic acids {cf equation 1) 
The formic acid is clea^ ed into H- and CO^ The formation of COr: 
b} this reaction does not invoK e mtermediar}' acetaldeh} de 

Emplo} mg the technic of Wiggert et al an enz}’me-prepa- 
ration has been extracted from cells of Acrobacter aerogenes, witli 
apparently no h}droclastic activit}, ne\ ertlieless, capable of con- 
verting p}TUvic acid into CO- and acet} Imeth} Icarbinol T}q)ical 
fermentation-balances are shown m Table I The ratio of p^Tuvate 
utilized to CO- and acetylmeth} Icarbinol formed is approximate!} 
2 2 1 

Attempts to increase the carbmol Meld b} the addition of acetal- 
deli}de were unsuccessful The added aldeh}de was reco\ered 
unchanged If acetaldeh} dc is an intermediate, onh the biologicalh 
nascent form is utilized b} this enz}Tne-preparation 

As indicated in Table II no appreciable production of CO; and 
consequent!} no carbmol occurs at pH lerels abo\e 6 8 There is a 
direct relationship betw een CO; and carbmol production 

The relationship between pH and the direct clea^age of CO; from 

TABLE I 

Dissimilation of Fyninc Acid bv Enirme-prcparntion of A aerogenes 
Values ui millimoles 

Initial Final Pvnivicncid Acctvlmethvl 

pixuvic acid pa ruaac acid utilized CXI- carbmol 

‘I 17 1 GO 7 57 7 G3 

1 17 1 GO 7 48 7 42 

4.99 108 3 91 3G’ 

2 49 0 IG 2 33 

3 ml cnirmc preparation vol 30 ml 5 ml jr/15 KHoPOj atmosphere N- 30'’C 

llViggcrt, W P Silverman, M , Utter M F , and IVerkman, C H loiea State 
Coll T Set 1940, 14, 179 


3 30 
3 40 
1 G1 
1 09 
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mide and sulfathiazol prevented visible growth for 5 da}s (3) The 
gro\\ th of the enterococcus in the control broth was slightly retarded 
and inhibited at 43‘^C in comparison to that obtained at 37°C 

As in the case of sulfanilamide, the degree of bactenostasis 
exerted b-s sulfamlyl-sulfamlamide and sulfathiazol depends, besides 
on other factors, upon the size of the inoculum , e ffjjn one particular 
experiment sulfathiazol m a concentration of 01% did not delay 
thegronth of a hemolytic enterococcus when 0 1 cc of a 1 50 diluted 
broth culture was used for inoculation, with a 1 2500 dilution it 
delayed the growth for IS hours and with a 1 6,000,000 dilution it 
completely pre\ ented \ isible grow th for 8 days Essentially the same 
results w ere obtained w ith hemoh'tic and non-hemolytic enterococci 

In ])reliminar\ experiments with sulfameth3lthiazol it w'as found 
that this drug in concentrations of 0 1 % or m saturated solution is 
bacteriostatic toward members of the enterococcus group and is 
more effective than sulfanilamide in equal concentrations (01% to 
0 2 %) 

Previous!), it was shown” that sulfanilamide in concentration of 
1% ma-v completcl) pre\ent Msible growth of suitable numbers of 
enterococci in broth incubated at approximateh 43°C In order to 
further e\aluate the rclatne efficacv of sulfanilamide and its deriva- 
tues, the bacteriostatic effect of 1% sulfanilamide w'as compared 
with that of sulfanil}l-sulfanilamide, sulfathiazol and sulfamethyl- 
thiazol in 0 2% concentration or saturated solution, respectnely 

These experiments w ere carried out w'lth hemolytic and non-hemo- 
htic enterococci It was found that 1% sulfanilamide is of greater 
effectn eness than are suIfaniM-suIfanilamide sulfathiazol and sul- 
famethylthiazol m the abo%e mentioned concentrations 

In conclusion ( 1 ) Sulfanih l-sulfanilamide sulfathiazol and sulfa- 
meth) Ithiazol in concentrations of 100 mg % or above exert definite 
bacteriostatic activit) toward small numbers of both hemol)'tic and 
non-hemolytic enterococci in maltose broth at 43°C (2) The 

growth inhibitor) effect of these drugs is greater than that of equal 
concentrations (0 1% to 0 2%) of sulfanilamide and sulfapwidme 
(3) The bacteriostatic effect of sulfanilamide and its derivatives 
upon the growth of enterococci is greater at 43°C than at 37°C 

We w ish to express our appreciation to Alba Pharmaceutical Com- 
pany for the supph of sulfamlyl-sulfamlamide (Disulon) , to Merck 
&. Compaii) for suIfap)Tidine to E R Squibb & Sons for sulfa- 
thiazol and to Mhnthrop Qiemical Compam for sulfamethyl- 
thiazol 
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AcETYLMETH \ LCARBINOL EKZYME-S-i STEM 


TABLE n 

Relationship Between pH and Hate of COo Formation from Pjmvio Acid by 
Enzyme-preparation of A aeropcnes 


pH 

mms COo 

36 

56 

60 

64 

68 

72 

76 

80 

in 15 min 

170 

122 

119 

76 

25 

11 

4 

0 

V P test 

i+ 

4+ 

4+ 

4+ 

2 + 

? 


— 


15 ml jnicc vol 2 0 ml 1 8 mg pymvic acid 1 ml PO^ buffer M/16 atmosphere 
air 


pyruvic acid b) Acrobacter will assist in elucidating the mechanism 
of pyru\ate-breakdo\%n From the investigations of Mickelson and 
Werkman" and from Table II, the carbmol is not fonned at alkaline 
reactions and the predominating mechanism involves reaction I 
Under acid conditions both reactions occur Mickelson* has shown 
that the products of the alkaline fermentation of pyruvate by Aero- 
bacter are acetic and formic acids in equimolar proportions 


(1) CHgCOCOOH + HOH 


HCOOH -f CH 3 COOH 
Ho -f COo 


(2) 2 CH 3 COCOOH 2 COo + CHjCOCHOHCHa 


These results may be checked manometrically with cell suspensions 
as shown in Table III As the s)stem is made alkaline, more H. 
should be e\ oh ed as reaction 2 becomes inhibited At pH 8 0 the 
COo/H; ratio close!} approaches the theoretical value of 1 0 

The presence of inorganic phosphate has been found to be essen- 
tial for pyru\ate-breakdow'n by this enz}’me-preparation 


TABLE m 

pH and the Gas Balms of A aerogenes (whole reUa) on pymvatc 


pH 

4.5 

56 

68 

80 

mmS Ho 

164 

208 

335 

370 

mmS COg 

426 

449 

445 

398 

COo/Ho 

2 60 

216 

1 33 

LOS 


Vol 2 3 ml atmoBpbere No-cell 24 boors old 2£ mg pynivic acid. 


S Mickelson, Milo, and Werkman, C H , J Sact , 1938, 36, 67 
3 Mickelson, Milo, nopablished thesis, loivn State College, 1939 
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Injections of Sodium Fluonde on Enamel and Dentin of the 
Incisor of the Rat* 


L SQHOTJE ANT M C SMITH (IntrodncBd by W H ‘Welker ) 

From the Department of Histology, University of lUmois, OoXlege of Dentistry, 
and Department of Nutrition, AgnciUtnral Experiment Station, University of 

Arizona. 


The microscopic anatomy of the incisors was studied in 3 groups 
of rats 

A 12 rats that were given 2 to 8 injections of 3 cc of 2 
sodium fluonde 24 or 48 hours apart Age 90-270 days 

B 20 rats that were given single injections of 3 cc of 2 5% 
sodium fluoride and allowed to live 1 to 48 hours after tlie admin- 
istration Age 90-270 days 

C 16 controls Most of these were littermate controls 
Significant alterations were observed only in Groups A and B 
The histologic changes in group A were 

1 Both the enamel and dentin show a pair ot light (disturbed) 
and dark (recovery) incremental laj'crs for each injection of so- 

* Tcelmical bnUetm No 52 of the 'OniTerslty of Anzono Agncultural Station 
gives a more complete description of some of the phases of this report 
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NaF Injection on Enamel and Dentin 


cimm fluoride The width of each pair is approximately 32n for 
injections given 48 hours apart and approximately 16fi for injec- 
tions given 24 hours apart 

2 The light layers represent the immediate response to the in- 
jections and arc imperfect in formation and calcification 

3 The dark layers represent a recovery response and are normal 
in formation and normal or excessive in calcification 

4 Tins incremental pattern is a constant finding but shows dis- 
turbances when the administration is continued for more than 5 
injections at 24-hour intervals 

The histologic changes m group B varied w'lth the time interval 
between the injection and death 

1 48-hour intcrv'al One pair of light and dark incremental 
laiers in the enamel and dentin 

2 12 to 24-hour mterv-al a the incremental surface of the or- 
ganic enamel matrix lacks its normal arrangement and is covered 
with hemispherical globules that stain deeply w'lth hematoxylin, 
b an abnormal character and distribution of globules w'lthin the 
ganoblastic laj er situated in the posterior portion of the incisor 

3 1 -6-hour intervals 'Abnormal character and distribution of 
globules within the ganoblastic layer of the posterior and formative 
portion of the incisor 

The injection of fluonne offers an accurate and easy method of 
•measuring the rate of grow'th of the enamel and dentin in con- 
tinuously growing teeth 

It is believed that fluorine exerts a direct local action on the 
enamel-forming cells and that the changes observed in the enamel 
and dentin are not produced primarily by clianges m blood calcium 
and phosphorus The nature of the cytologic disturbances is being 
ln^estIgated further 
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Bleeding Volume in Expenmental Bums 

HEKEY N HAEKXN8 (Introduced by Edmund Andrews ) 

From the Douglas Smith Foundation and the Department of Surgery, University 

of Chicago 


Roome, Keith, and PhemisteP showed that in experimental shock 
due to hyperventilation, anaphylaxis, histamine admmistration, 
spinal cord section, and spinal anesthesia the bleeding volume aver- 
aged 49 9 % of the calculated blood volume (one-thirteenth of the 
body weight) ‘ This is only slightly less than the average of 58 6 % 
obtained for control dogs On the other hand, in shock due to 
trauma to an extremity, hemorrhage, plasmapheresis, and intestinal 
mampulation, the bleeding volume was greatly reduced, averaging 
21 8% Blalock* showed that the cardiac output in shock due to 
severe bums is markedly reduced The work reported in the present 
paper was done to determine the bleeding volume in shock due to 
experimental bums 

Dogs imder complete barbital anesthesia and suffenng no pain 
were used throughout the work They were burned and at mter- 
vals the carotid blood pressure, hematocrit reading, and hemoglobm 
percentage were determined When the blood pressure had fallen 
to about 80 mm of mercury the animal was bled to death through 
a large carotid cannula The time interval between the burmng and 
the bleeding vaned from 16 to 24 hours in 7 dogs The hemato- 
crit reading and hemoglobin percentage rose steadily from the time 
of burning to the time of bleeding On the other hand, the blood 

TABLE L 

Bleeding Yolnmea of Dogs with Eipenmental Bnrns 


Interral from Blood pressure ram. Hg 


No 

Wt,Kg 

buming to 
bleeding 

Start 

Terminal bleeding vol. 

End % cal. blood voL 



hr 

Tmn 




1 

10 4 

17 

40 

100 

52 

119 

2 

92 

16 

15 

148 

44 

14 6 

3 

11 3 

17 

50 

164 

108 

29 3 

4 

78 

23 

10 

116 

48 

161 

5 

10 5 

21 

40 

162 

66 

16 7 

b 

12A 

23 

45 

148 

86 

28 4 

7 

68 

18 

20 

118 

66 

24.9 


■Vier 20 3 

1 Boome, X W , Keith, W 8 , and Phemister, D B , Surg Gynec and Ohstet , 
1933, se, 161 

2 Blalock, A Peoc Soc Exp Biol, akp Mzd^ 1933, 31, 36 
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dium fluoride The width of each pair is approximately 32/i for 
injections given 48 hours apart and approximately I6ii. for injec- 
tions given 24 hours apart 

2 The light layers represent the immediate response to the in- 
jections and are imperfect in formation and calcification 

3 The dark layers represent a recovery response and are normal 
in formation and normal or excessive in calcification 

4 This incremental pattern is a constant finding but shows dis- 
turbances when the administration is continued for more than 5 
injections at 24-hour intervals 

The histologic changes in group B varied with the time inten’al 
between the injection and death 

1 48-hour mten'al One pair of light and dark incremental 
la) ers in the enamel and dentin 

2 12 to 24-hour interval a the incremental surface of the or- 
ganic enamel matrix lacks its normal arrangement and is covered 
^\lth hemisphencal globules that stain deeply with hematoxylin, 
h an abnormal character and distribution of globules within the 
ganoblastic laj er situated in the posterior portion of the incisor 

3 I-6-hour intervals Abnormal character and distribution of 
globules within the ganoblastic layer of the postenor and formative 
portion of tile inasor 

The injection of fluorine offers an accurate and easy method of 
measuring the rate of growth of the enamel and dentin in con- 
tinuously growing teeth 

It IS belie\ed that fluorine exerts a direct local action on the 
enamel- forming cells and that the changes observed in the enamel 
and dentin are not produced primarily by changes in blood calcium 
and phosphorus The nature of the cytologic disturbances is being 
m\estigated further 
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Toxicity of Heavy Water 
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FEEDEBICK E KEEDEL, HENEY N HAEKIN'S aud 'WTELIAJI D 
HASKEsTS (lutrodnced bj" E Andreirs ) 

From the Departments of Surgery and Chemistry of The University of Chicago 


The following experiments were performed in an effort to deter- 
mine whether or not the newly recogmzed substance, heavy water 
(deutenum oxide) possesses toxic properties Water containing 
approximately 20% deutenum oxide was prepared electrolytically 
and its action tested on rabbit leucoc}'tes and bacteria Experiments 
are now being done testing heavy water in more concentrated form 
up to 100% 

Experiment i — Rabbit leueocytes One drop of a 24-hour aleur- 
inate broth exudate, freshly removed from the pleural cavity of a 
rabbit, was added to 2 ce of a modified Tyrode solution contaimng 
18% heavy water and 1/10,000 neutral red The Tyrode solution, 
which was buffered at pH 6 6, had 10% of its salts replaced by 
NH^Q Two hanging drops and one spread preparation, sealed 
with vaseline-paraffin mixture, were incubated at and ob- 

serv'ed imder the microscope A control senes was prepared with 
triple distilled water 

The viability of the leucocytes was followed After one hour an 
occasional dead cell could be seen In 8 hours 10% were dead, in 
16 hours 50%, and in 24 hours about 75% were dead There were 
no significant differences betiveen leucocytes in the heavy water 
solution and control ordinary water preparations 

Experiment 2 — Growth of Staphylococcus A A minute amount 
of an 18-hour broth culture of hemolytic Staphylococcus aureus 
was added to a drop of 20% heavj' uEter The drop was divided 
into 3 parts which were sealed on stenle cover slip hanging drops 
These were cultured on blood agar plates after 6, 24 and 48 hours 
respectively There was no inhibition of growth 

B A drop of 20% heavy water w'as placed m the center of a 
blood agar plate freshly strewed with the organism used m A No 
effect w'as noted during a penod of 4 days 

Experiment j — Motility of B Typhosus A shaked loop of an 
18-hour ascitic-broth culture of B typhosus was stirred into 2 hang- 

* Work done in part under a grant from the Dougins Smith Foundation 
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pressure usually remained near the normal level until the end of the 
experiment and then fell more rapidly The average bleeding vol- 
ume in the 7 burned dogs was 20 3% of the calculated blood volume 
(one-thirteenth of the body weight) as shown in Table I This 
figure agrees quite well with that of 21 8% which Roome, Keith, 
and Phemister found in similar types of shock The extent of the 
bum in these dogs may be gauged as follows After death the 
dogs were bisected according to the method of Blalock’ and the 
weight of the normal and burned sides of the animal compared 
This difference was 3 0, 2 5, 2 2, 0 3, 1 1, 3 0, and 2 4, averaging 
2 1 % of the total body weight in the 7 dogs and represents a fluid 
loss into the tissues on the burned side suffiaent to account for the 
shock present in these animals 

In 4 control dogs that were similarly treated except that they 
were not burned, the average bleeding volume was S3 4% of the 
calculated blood volume as shown in Table II This figure agrees 

TABLE n 


Bleeding Volnines of Control Dogs 


No 

WLKg 

Interval from 
start erper to 
bleeding 

Blood pressnre nun Hg 

Terminal bleeding voL 

Start End % caL blood voL 

1 

24 0 

hr min. 

24 0 

164 

128 

49 8 

2 

18 0 

17 20 

184 

186 

52 0 

3 

12 1 

16 40 

136 

102 

47 8 

4 

19 5 

18 20 

118 

116 

64 7 

Aver 
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rather well with that of 58 6fo which Roome, Keith, and Phemister 
found for control dogs Any slight discrepancy may be explained 
by the fact that their dogs were bled one hour after beginning the 
experiment, whereas in the present paper the time interval m the 
control series was from 16 to 24 hours 

The blood pressure, hematocrit reading and hemoglobin percent- 
age fell very slightly dunng this interval 

From a comparison of the results in the burned and control series 
It IS concluded that the bleeding volume is markedly reduced in 

experimental bur ns 

8 Blalock, A Arch Svrg , 1931, 22, CIO 
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tract Bile pentonitis w'as induced m 9 dogs by 3 methods b} the 
intrapentoneal injection of whole sterile dogs’ bile, by the similar 
admimstration of a sterile bile salt solution and by ligature of the 
common bile duct followed by defundation of the gall bladder 
Twenty-three speamens of pentoneal washings or of peritoneal ex- 
udates were obtained by aseptic lavage of ammals w ith suppurative 
pentomtis some time pnor to death These fluids were then centri- 
fuged at high speed until clear and the supernatant fluid injected 
mtravenously mto normal dogs under barbital or urethane anes- 
thesia In a few' instances the supernatant fluid was passed through 
a RIandler filter of porosity' corresponding to a Berkefeld-N filter 
Since the effect on blood pressure of the hlandler filtrates differed 
only quantitative!) from the centrifuged supernatant fluid, the 2 w ill 
be considered collective!) As a control 18 fluids w'ere obtained 
by aseptic laiage of the pentoneal cavity of 13 normal dogs Ex- 
tracts W'ere made by the method of Chang and Gaddum* of the whole 
pentoneal w'ashings, the sujiematant flmds, and of the centnfuged 
sediment from all the abo% e materials 

The sy'mptoms described by the investigators^"® who demon- 
strated the presence of the soluble toxic substance of Escherichia 
coll are compatible w'lth those produced by a profound drop in blood 
pressure Accordingly, w e have also investigated the hemodynamic 
effects of bacterial filtrates of broth cultures of Escherichia colt and 
of a heraol)'tic streptococcus freshly isolated from a case of strep- 
tococcus pentomtis m man Extracts by the method of Chang and 
Gaddum® were also prepared of the corresponding bactenal sedi- 
ments in several instances Peptone-free veal infusion broth was 
used for the nutrient medium Aerobic and anaerobic cultures w'ere 
made in every instance when the pentoneal cavity w as opened In 
those cases w'here a sigmficant drop in blood pressure w as obtained 
upon mjection of the pentoneal w'ashmgs into a normal dog there 
was a hea\'y grow'th of Escherichia coh w'lth or without a grow'th 
of an obligate anerobe resembling Clostndmrii ivelchti 

Results (a) Pentomtis induced by an open intestinal loop 
In 15 instances taken from tests of the 23 specimens of pentoneal 
W'ashmgs from dogs w ith peritonitis produced by an open intestinal 
loop, there w'as a profound but %anable immediate drop in blood 
pressure of from 18 to SO mm of mercury' Three speamens ob- 
tained post-mortem \ aned from the others in that the latter samples 
were tainted by the odor of putrefaction These latter 3 ga\e an 
especially rapid and profound drop m blood pressure A considera- 
» Chang, H C , and Gaddnin, J H , J Phygwl , 1933, 70, 255 
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mg drop preparations of heavy water and into 2 controls with dis- 
tilled water Over a period of 48 hours no difference in motility 
could be obsen'ed between the heavy water and control ordinary 
water preparation 
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Depressor Substances m Pentonitis 

PAUL H HARMON ant> HENRY N HARKINS (Introduced by Edmund 

Andrews ) 

From the Department of Surgery, The Vmvernty of Chicago * 


There is little experimental work to substantiate the clinical belief 
that death from peritonitis is due to vasomotor collapse incident to 
absorption of toxins from the pentoneum Zinnser, Parker and 
Kuttner^ and Branham' both demonstrated that Eschenchtu colt pro- 
duced a soluble toxic substance Steinberg and Ecker* and Stein- 
berg^ have emphasized the role of bacterial toxins m peritonitis 
Steinberg and his co-workers' have demonstrated a slight blood 
pressure fall in early peritomtis Scott and Wangensteen* have 
showed that the peritoneal exudates from uncomplicated experi- 
mental intestinal obstruction were innocuous 

It occurred to us that the vasomotor system of the host might be 
less sensitive than that of a normal animal to the toxic substances 
developed m the pentoneal cavity Peritonitis was mduced m 17 
dogs by the method of Buchbmder, Heilman and Foster" which 
consists of leaving an open loop of ileum with intact blood supply 
free m the pentoneal cavity An end to end or a lateral anastomosis 
IS made around the loop to restore the continmty of the intestinal 


•Supported in part by a grant from the Douglas Smith Eouuantiou for 

Medical Research of the University of Chicago ^ „ 

rzinnser, H., Parker, J T, and Kuttner, A , Pboc Soc Ect Biou and Med , 

1920, 18, 49 

"Branham, S E, J Infect Die, 1925, 87, 53S 
3 Steinberg, B , and Ecker, E F , J Exp Med , 1926, 43, 443 

1 Steinberg, B, Arch T G , Pboc Soc Exp Biol and 

Steinberg, B , Kobacker, J B , and ifussei, j. Kr,±n 

° """ 

'“'^BTcliWnder, J R, Hedman, E R , and Foster, G C, Surg Gyn and OUt , 


1931, 53, 726 
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instance contains 90-120 mg of dextrose per 100 cc of blood The 
presence of the colloids inhibits even m vitro an increase of this 
amount within certain (physiological) limits If we try to increase 
the blood sugar by adding the physiological amount of 100 mg per 
100 cc and determine the sugar we find only 25% of the added 
amount, 75% (60-80%) disappear m the normal human serum 
The serum colloids have, therefore, the power to restore and to 
maintain the equilibrium, if we try to disturb it dynamic equili- 
brium The following studies are based on this observation The 
serum crystalloids are electrolytes and non-electrolytes The in- 
fluence of changes of the electrolytes as well as of the non-electro- 
lytes on the static and on the dynamic equilibrium of the non- 
electrolytes of the normal human blood serum has been studied with 
the following results 

(1) Influence of cations on the static equilibrium of the serum 
sugar Chlorides have been used m n/10, n/100 solution, 0 02 cc 
added to 1 cc of serum NaCl does not influence the blood sugar 
even in n-solutions KCl increases the blood sugar (5-10%), CaCl. 
and MgClj do not influence the sugar as a rule, but act differently 
in different sera FeQj always decreases the sugar of a normal 
serum, ca 10% 

(2) The influence of cations on the dynamic equilibrium of the 
serum sugar, t e , after the addition of a physiological quantity (200 
mg per 100 cc ) acts exactly in the same way, but more intensely , 
NaCl does not influence the loss of the added dextrose, KQ de- 
creases the loss considerably, CaClj and MgCU also decrease the 
loss, but less than KCl , FeCU always increases the loss of dextrose 

(3) Influence of anions on the static equihbnum of the serum 
sugar The neutral sodium salts of the anions have been added in the 
same amounts as used in the cations (n/10 solutions, 0 02 cc to 1 cc 
of serum) Chloride and carbonate do not influence the serum 
sugar, phosphate and sulphate liberate sugar m a similar way as 
KCl , Na-SO, has a stronger action than NajPO^ 

(4) Influence of anions on the dynamic equihbnum of the 
serum sugar The only salt which had a marked influence was 
Na 5 SO<, which decreased the loss of dextrose considerably 

(5) Influence of cations on the static equilibrium of the urea 
of the serum FeCh has a pronounced decreasing influence upon the 
urea of the serum, CaCl. has no influence, MgCh and also KCl do 
not influence, as a rule, the original urea of the serum, there are, 
however, considerable differences among the different sera 

(6) Influence of cations on the dynamic equilibrium of urea 
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tion of the first appearance of vasodepressing substance indicates 
that an appreciable time is required to develop vasodepressing sub- 
stances in the peritoneal content The control washings from nor- 
mal dogs and from those in which peritonitis was not present had 
no effect upon the blood pressure of another dog 

(b) Bile Pcntomtis The centrifuged exudate or the combined 
exudate and washings remo\ ed from 8 dogs in which bile peritonitis 
uas present had no depressing effect on the blood pressure of other 
dogs while in a single instance vasodepression was noted with a 
fluid obtained from an animal that had died a tew hours prior to 
la\age of the pentoneal cavit} 

(c) E\ tracts of Peritoneal Exudates, Washings and Sediments 
Extracts of these mater als prepared according to the method of 
Chang and Gaddum" demonstrated the presence and concentration 
of a vasodepressing substance in the whole exudate and in the cen- 
trifuged sediments at all times, both from the bile peritonitis animals 
and those with suppuratne peritonitis A vasodepressant extract 
was obtained from the supernatant centrifuged fluid only when that 
fluid itself contained such substances Bacterial sediments contained 
no vasodepressing substance The finding of such a substance in 
normal mammalian tissues is in agreement with the finding of such 
substances b} Harkins and Harmon ® 

(d) Bacterial Filtrates Without exception a vasodepressing 
substance with a delajed time of action of 20 to 4'^ minutes after 
injection uas present in Handler filtrates of Escherichia coli 
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Mutual Influence of Crystalloids of Human Blood Serum on 
Their Elquilibnum 

ERNEST A PEIBEAM 

From the Loyola University School of iledicine, Department of Bacteriology and 
Preventive Medicine, Chicago 

The blood serum is an aqueous (ultramicroscopic) -suspension 
of colloids in a solution of crystalloids The crystalloids are under 
normal conditions in a well balanced equilibrium, which is sustained 
by the colloids static equilibrium A normal blood serum for 

9 Harkins, H N , and Harmon, P H , Pnoc. Boc. Exp Biol, and Med , 1934, 
Sfl, 6 
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Urea, Promoter of the Catalytic Action of Blood Serum on a 
Specific Dextrose-Phosphate Reaction 

EENEST A PBEBBAAL 

From the Loyola Vntvernty School of Medtcine, Department of Facteriology and 
Preventive Medicine, Chicago 

Dextrose and phosphates have a high tendency to react. They are 
both present in cinimal and human tissue as well as in the blood 
serum When mixed m an aqueous solution in the same quantities, 
which are present in the blood serum, t e ,2 mg of P in the form of 
a neutral phosphate and ca 100 mg of dextrose per 100 cc., we 
find a very slight reaction, which can be assumed because we re- 
cover a little less of dextrose and a little less of phosphorus than 
we do when the chemicals are added separately , 2 8 mg of P are 
recovered instead of 3 mg per 100 cc., and 90 mg of sugar instead 
of 100 mg The same quantities added to human serum of a healthy 
mdmdual react much more mtensely Instead of the onginal quan- 
tities added we recover only 25-50% of dextrose and ca 70% of 
phosphorus The loss of dextrose has been explained in the 
previous paper It is caused by the mcrease of dextrose, which is 
counteracted by the serum colloids The loss of phosphorus, how- 
ever, does not occur if no sugar is added In this case we recover 
100% of the added phosphate Urea added to the serum does not 
influence the serum phosphate, and also does not influence the 
dynamic equilibrium of the phosphate, when this salt (3 mg per 
100 cc.) and at the same time urea (30 mg per 100 cc.) are added 
We still recover the entire phosphate. The reaction between dex- 
trose and phosphate, however, is intensely accelerated and mtensi- 
fied, if phosphate, urea and dextrose are added to the serum In 
this case only a small quantity of the phosphate, 10%, and fre- 
quently none of the added salt can be recovered, provided the serum 
IS that of a normal healthy individual The loss of the dextrose is 
not influenced by the urea, but there is a loss of the urea as high as 
30-50%, which, as stated previously is caused by the adding of 
dextrose 

Pathological conditions, in which the physiological reaction of 
dextrose with phosphate remains incomplete will be considered m 
another article. 

The catalytic action of the serum colloids and their promotion by 
the urea are speafic for dextrose Other saccharides, such as galac- 
tose or lactose, do not react with the phosphate, but allow 100% of 
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Urea added to the serum can be quantitatively recovered, there is 
no loss like in dextrose FeCU causes a loss of the urea added, the 
other cations do not influence the dynamic equilibrium 

(7) Influence of anions on the static equilibrium of urea 
Na;COs causes a loss of ca 10%, Na^SOi and NasPO* cause a loss 
up to 50% of the original urea of the serum 

(8) Influence of the anions on the djmamic equihbnum of the 
urea The 3 sodium salts examined all had the same influence on 
the urea, causing the loss of about 7 % of the urea added 

(9) There is an interesting antagonism between the serum 
dextrose and the serum urea, concerning their influences on cations 
and anions Adding of dextrose increases the influence of cations 
and nullifies the influence of anions on urea Adding urea decreases 
the influence of cations on dextrose, nullifies the influence of Na.SOi 
but intensifies the influence of NajCOj and of NajPO^ on dextrose 

(10) Influence of non-electrolytes on non-electrolytes (mutual 
influence of dextrose and urea) Adding dextrose to the serum 
causes a loss of dextrose, as mentioned, as high as 75% It does 
not, however, influence the serum urea (static equilibrium) There 
IS no loss of urea, when urea is added (30 mg per 100 cc ), and 
none of dextrose The simultaneous addition of urea and dextrose 
does not alter the loss of dextrose which remains 75%, but causes a 
loss of the added urea (dynamic equilibrium) between 30 and 50% 
in a normal human serum 

All these experiments have been checked in aqueous solutions 
The presence of the serum colloid is essential for the results Ac- 
cording to previous studies of the author"* it is very likely that the 
struggle for water between the highly hydrophilic and even hygro- 
scopic electrolytes and non-electroljdes plays an important role in 
the maintenance of their equilibrium in the presence of serum The 
quantities added were exceedingly small 0 15 mg of KCl, 0 32 mg 
of FeCls have been added, but even higher dilutions — 0 03 mg of 
FeCls proved to be effective The importance of these studies for 
the “Micrometabohsm" (WnghP) in different diseases wiU be re- 
ported elsewhere ■* ° Anabolic and catabolic influences of drugs can 
Lsily be determined with thes e methods, in intro as well as tn vivo 

) Pnbraro, E , ^ / KoVotdelirmie, BciTi , 1911, 2, 1 

2 Wright, F , Clin Med and Surg , 1933, 40, 617 

4 Pnbnin, Arch f Gewerbepatliologte, 1934, 5, 23 
Pribrnm, Scliweizcr Wochenschr , 1934, m print 
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cholesterol was followed by the same method as m the first group 
of animals The results are summarized m Table II 

TABLE n 


Blood Cholesterol in Sensitized Animals 


Observed 

Female 

3400 gnu 

Female 

3150 gm. 

ilale 

3250 gm 

Female 

3550 gm. 

5 15 

174: 

273 

170 

207 

6 16 

155 

269 

197 

173 

5 17 

149 

275 

181 

— 

5-17 

0 Ice. 1/10 

0 T Intraven. 

0 5cc 1/10 

0 T Snbcut. 

LOcc.1/10 

0 T Intraven. 

LOcc 1/10 

0 T Snbcnt 

518 

255 

330 

375 

156 

519 

325 

415 

675 

415 

5 21 

373 

547 

266 

357 

5 22 

200 

— 

145 

110 

5 23 

231 

347 

162 

150 

5 24 

195 

168 

110 

100 

5-25 

148 

165 

107 

83 

5 29 

215 

225 

150 

165 

6 1 

250 

235 

153 

230 

83 

275 

287 

265 

150 


The results indicate that these ammals respond to the single m- 
jections of tuberculm with prompt though transient hypercholes- 
terolemia This IS followed within a ^\eek bj a return to normal 
value, which in some instances is first preceded by a fall below the 
normal level 
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Bactencided Power of Blood m Chronic Arthritis 

ELOTD BOYS, P D GXJNN ajoj B J LANG 

From the Department of Pathology, Korthwestem University MedtooJ School and 
Evanston Sospital Arthritis Clinic 

There is considerable evidence that chronic rheumatic joint dis- 
ease, as well as acute rheumatic arthritis, is neither stnctly a meta- 
bolic disturbance nor purely allergic in character but the result of 
hematogenous streptococac infection of the joints This e\ndence 
IS of 4 types the demonstration of streptococci m involved jomts 
with typical structural alteration m direct relation to the actual dis- 
tribution of the bacteria,' ‘ * the streptococcemia which occurs at 

1 Forkner, C E , Slmiida, H. and Poston, Marr A^ Arch Ini Ued , 1928, 
42, 675 

- Cecil, E, L, NichoHs, E E , and Stainaby, W Arch Int iled^ 1929, 43, 
571 

’Wetierby, M., and Clawson, B J, Am J Fath^ 1932, S, 283 
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the added phosphorus to be recovered, even when urea is added 
besides the sugar It is evident that we deal here with an important 
anabolic influence of the urea, which, in the serum or tissues, is not 
merely a waste product, as it is as a rule considered m the urine 
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Behavior of Blood Cholesterol Following Injections of Tuberculin 

KATSUJI KATO (IntroducDd by B Hnmilton ) 

From the Department of Pediatrics, University of Chicago 


The literature gi\ es but scant attention to the relation of choles- 
terol to tuberculosis It has been found by a few observers that the 
blood cholesterol is definitely decreased during the activity of the 
tuberculous process and this hypocholesterolemia, therefore, may 
be regarded as an index of poor prognosis With the improvement 
of the pathologic process, however, the blood cholesterol rises and 
dunng convalescence it may be increased above the normal level 
The present experiments endea%or to study the behavior of total 
blood cholesterol m rabbits following injections of old tuberculin 
A total of 10 rabbits were divided into 2 groups The first group 
of 6 rabbits (average weight 1660 gm ) received single injections 
of 1 10 dilution of old tuberculin, and the blood cholesterol was de- 
termined daily b} the Bloor method as modified by Sackett The 
results are summarized in Table I 

The second group of 4 rabbits (average weight 3340 gm ) were 
first sensitized by repeated injections of old tuberculin over periods 
varying from 10-60 days After rest periods of 2-6 months, these 
animals were given single injections of tuberculin and the blood 


Obaerred 


6 26 
6 28 
5 29 

5 29 

6 30 

5 31 
C 1 
6-2 

6 3 


TABLE I , , , 

Blood r.hnlpHterol in UnBcnsilitcd Animala 


Female 
1725 gm. 

Female 
1400 gm 

138 

113 

202 

212 

192 

300 

0.2 cc 1/10 OT 

Intraven 

Subcat. 

313 

380 

201 

282 

190 

267 

195 

325 (1) 

193 

260 


Male Female 
3760 gm 1725 gm. 

100 118 

226 — 

187 802 

1 0 cc. I/IO O T 
IntraTen Snbeut 
300 832 

283 289 

287 240 

195 1®8 

287 214 


Female Female 
1725 gm. 1650 gm. 


120 150 

275 200 

170 267 

3 0cc 1/10 OT 
SubcuL Intraren 

375 288 

263 220 

197 250 

203 215 

195 312 
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An eleven- 3 'ear-old strain of Streptococcus vtndaus obtained from 
Dr B J Clawson was used as the test organism chiefly because it 
had been used previously in our routine agglutination tests Several 
of the strains that we have isolated from the blood of arthritic pa- 
tients have been similar culturally and serologically to this one 
Tests with recently isolated strains of streptococcus gave unreliable 
results by our method 

For the test 1 cc of a suspension containing about 10,000 bac- 
teria per cubic centimeter was used This was added to 3 cc of a 
50% dilution of serum, or to 3 cc of defibrmated blood, in a 7 cc 
Wassermann tube The tube was closed with a paraffined rubber 
stopper and placed in the rack of a mixing machine in a 37° incu- 
bator Constant agitation was found to be necessary for these tests 
and a rotating machine was devised for this purpose * 

The degree of reduction of living organisms was determined by 
the plating method For this a 0 5 cc sample of the mixture was 
removed, plated with 10 cc of dextrose agar immediately after the 
mixture was made and again after 4 hours and 8 hours of incubation 
in the agitating machine The colony counts were made after 18 
to 24 hours of incubation and recorded numerically when possible, 
or estimated roughly as 2 plus (4000±), 3 plus (6000±) and 4 plus 
(8000± ) when too numerous for actual counting 
The results of the initial tests in arthritic and non-arthntic pa- 
tients are summarized in Table I For the sake of simplicity we 
have merely indicated as having bactericidal power those cases which 
showed inhibition after 4 hours of rotatory agitation in the incuba- 
tor The results varied from complete inhibition to slight (10%) 
reduction in the number of colonies 

In 38 arthritic patients the serum alone of only 2 cases (5%) 
exhibited bactericidal pouer, while in 3 cases (9%) among the con- 
trols definite bactericidal action was observed 

It is interesting that in the group of cases of active arthritis, all 
of which were of a severe type only one blood failed to shoiv 
definite inhibition of the strain used The agglutination titer in 
these cases was ivell ivithin normal limits and the sedimentation 
rates showed about the same average ^alues and varied within nar- 
rower limits than in the normal cases 

In the group ot 12 cases of arthritis that show'ed unequivocal 
clinical evidence of improvement, only 5 gave positive bactericidal 
tests The sedimentation rates vaned ivithm the same limits as m 
the normals Agglutination titers w^ere not done at this time 

* Details of the technique and a description of the agitating machine are 
included in on accompanying paper 
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intervals during the active phases of the disease,'- “ the presence of 
streptococcic antibodies in arthritic patients in concentrations greater 
than those usually found in normal individuals * and the pro- 
duction experimentally of lesions in the joints of animals by the use 
of intravenous injections of streptococcus cultures “ On the 
other hand, other investigators have failed to corroborate some of 
these obsen-ations 

This positive evidence has led to the wide use of agglutination and 
sedimentation tests as diagnostic procedures in chronic arthritis 
and to the use of vaccines for treatment of the disease Our own 
expenence and that of others^ with the use of agglutination tests 
and determinations of sedimentation rates have led us to believe that 
these have little practical value m diagnosis or as indices of the re- 
sults of treatment In searching for a more reliable index of immunity 
to streptococcic infection, we have tested the whole or defibrinated 
blood of 30 patients and the serum of 38 patients from the Evan- 
ston Hospital Arthritis Qinic for bactericidal power As controls, 
31 tests on the defibrinated blood and 22 on die serum of normal 
individuals were done Bactericidal tests were performed also on 
the blood and serum of 10 patients suffering from non-streptococcic 
infections and in patients w ith acute streptococcic sepsis In most 
instances the sedimentation rate and the agglutinating titer were 
determined on samples of blood drawn at the same time for com- 
parison with the results obtained in the bactericidal tests 

Preliminary experiments showed that there was little difference 
between the bactericidal power of heparinized blood and that of de- 
fibrinated blood if the defibrination ivas done carefully and with 
constant technique The latter method was finally adopted for 
routine tests because the procedure wa s simple and inexp ensive 

1 Richards, J H , / Am Med Assn , 1925, 84, 037 

= Gray, J W, Pendnck, E, and Gowen, C H., Tesxts State Med Journal, 
3.932 2S 317 

0 Burbank, B , and Hadjopoulos, L G , ,7 Am Med Assn,, 1925, 84, 637 

- Dawson, M. H , Ohnatead, Minam, and Boots, S. H., / Immunol , 1932, 23, 


187 

s Clawson, B J , Wetherby, M, HUbert, E H , and HiUeboe, H E , 

Med Sc, 1932, 184, 758 , tw r /o r 

0 Keefer, C S , ilerers, W K., and Oppel, T W , / Clin, Invest , 1933, 
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10 Burbank, K, Bull H E Acad Med , 1929, S, 176 

11 Nye, , and Waxelbaum, B A , J Esrp Med . 1930, 62, 885 

1 = Dawson, IL H., Olmstead, Minam, and Boots, E H , Arch Int Med , 1932, 

^^wBemhardt, H., and Hench, P S , J Infect Bts, 1981, 49, 489 
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Of the 5 cases diagnosed as hypertrophic arthritis 3 ga\e posi- 
tue bactericidal tests and the sedimentation rates were not signifi- 
cant 

The acute and chronic non-streptococcic infections were local 
lesions, some rvith suppuration but none showing systemic effects 
In 3 of the chronic cases the infection was localized In these cases 
agglutination tests yielded normal values and the sedimentation 
rate, while slightly greater in the acute infections, varied within 
narrow limits The bactericidal effect of tbe defibnnated blood m 
the more acute cases is comparable with that in the active cases of in- 
fectious arthritis This evidence supports the idea that the bac- 
tericidal property of whole blood or defibnnated blood as applied 
to gram positive cocci is not specific 

Both of the cases of acute streptococcic sepsis exhibited marked 
bactencidal power In both instances Streptococcus vindaiis was re- 
covered repeatedly in blood cultures It is interesting that in the 
patients with acute streptococcic or non-streptococcic infections and 
in the cases of active arthritis, the bactencidal power of the blood 
was approximately the same The agglutination titers in these 2 
patients with streptococcus sepsis varied within normal limits 
emphasizing again the lack of correlation between Iiactericidal 
power and the agglutmation titer 

In the third division of the table the data accumulated trom 
studies of 20 arthritic cases receiving intravenous vaccine therapy 
at the time of the initial bactericidal tests are summarized As m 
past experience we find generallj increased agglutination titers w ith- 
out correlation betw een titer v alues and clinical improv ement The 
2 most active cases showed the lowest sedimentation rates Vaccine 
therap) apparently had no effect upon either bactericidal power or 
sedimentation rate 

Conclusions from such small groups of cases as presented m the 
table must necessarily be guarded However, we consider that the 
following generalizations are justified in the light of previous find- 
ings of other workers and supplementary unpublished data from our 
ow n expenence 

1 Tests of bactericidal power of blood by the method used are 
of little or no value in the diagnosis of chronic arthritis 

2 In general, the defibnnated blood from active cases ot atrophic 
arthritis and acute streptococcic and non-streptococcic infections 
more often exhibits inhibitory properties against Streptococcus 
xnrtdans than the blood from normal individuals from patients with 
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Bactericidal Power in Chronic Arthritis 
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Of the 5 cases diagnosed as hypertrophic arthntis 3 ga\e posi- 
tne bactencidal tests and the sedimentation rates nere not signifi- 
cant 

The acute and chronic non-streptococcic infections nere local 
lesions, some \Mth suppuration but none sho\\ing systemic effects 
In 3 of the chronic cases the infection was localized In these cases 
agglutination tests yielded normal \alues and the sedimentation 
rate while slightly greater in the acute intections \aned within 
narrow limits The bactericidal effect ot the defibnnated blood in 
the more acute cases is comparable w ith that in the actiN e cases of in- 
fectious arthritis This e\ idence supports the idea that the bac- 
tenadal propert\ of whole blood or defibnnated blood as applied 
to gram positue cocci is not specific 

Both of the cases of acute streptococcic sepsis e>hubited marked 
bactencidal pow er In both instances Streptococcus z incfaus w as re- 
co\ered repeatedh in blood cultures It is interesting that in the 
patients with acute streptococcic or non-streptococcic infections and 
in the cases of acti\e arthntis the bactencidal power of the blood 
was approximately the same The agglutination titers in these 2 
patients with streptococcus sepsis \aned within normal limits 
emphasizing again the lack ot correlation between bactenadal 
pow er and the agglutmation titer 

In the third duision of the table the data accumulated trom 
studies of 20 arthritic cases receuing intra\enous \accme therapy 
at the time of the initial bactencidal tests are summarized As in 
past experience w e find generally increased agglutination titers w ith- 
out correlation betw een titer i alues and clinical impro\ ement The 
2 most actne cases showed the lowest sedimentation rates Vaccine 
therap> apparently had no effect upon either bactericidal power or 
sedimentation rate 

Conclusions from such small groups of cases as presented in the 
table must necessarily be guarded Howeier, we consider that the 
follow mg generalizations are justified in the light of pre\ lous find- 
ings of other workers and supplementary unpublished data trom our 
ow n experience 

1 Tests of bactericidal power of blood by the method used are 
of little or no \alue in the diagnosis of chronic arthritis 

2 In general, the defibnnated blood from actue cases of atrophic 
arthritis and acute streptococcic and non-streptococcic intections 
more often exhibits inhibitor\ properties against Streptococcus 
ziridaiis than the blood irom normal mdniduals from patients with 



IS Co^TI^uous Agitation in Bactericidal Tests 

chronic non-streptococcic infections, from quiescent or recovering' 
cases of atrophic arthritis, or from hypertrophic arthritis 

3 Intravenous streptococcic \accine therap} does not influence 
the bactericidal property of blood while the agglutinating titer ma} 
be greatl}' increased 

4 There is no correlation between streptococcic bactericidal 
proper!}, agglutinating titer and sedimentation rate in the cases so 
tar examined 

5 Serum alone usually shows little or no bactericidal power 
against Sircpiococacs viridans, irrespective ot its agglutinating titer 
In exceptional cases there may be definite inhibitory action 
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Importance of Continuous Agitation m Bactericidal Tests with 

Streptococci 

S J L\XG iSD FLOtll BO^S (Introduced l>v F D Gnnn ) 

Trnn thr Dcparlmrnt of Pathology Aorl/ittmlcrn Umvcmity itedteal School and 

Eian^ton Bonintal 


Altliough the advantages of continuous agitation in phagocytosis 
experiments had been noted by earlier imestigators,' " ° Robertson 
and Sia'* were apparentiv the first to use the rotator} -oscillation 
method extensneli All haie obsened that constant mixing during 
incubation promotes bactericidal action and produces more constant 
results than stationar} incubation or intermittent agitation Most 
of the previous work has licen done with cultures of pneumococci 
and wc w'ere faced with the necessity of checking these factors with 
the streptococcus with which we were working 

An agitating machine utilizing the same principle as that m the 
machine used bv Fenn' and later in the improved machine of Robert- 
son and Sia'* was designed and built for us by Mr Wm H Hamil- 
ton, E E It consists of 3 brass flanges mounted rigidly on a motor 
driven shaft Two of the flanges act as tube holders, having 5/8 m 
perforations bored at uniform intervals near the peripherv while 
the third flange acts as a guard The flanges will hold 18 tubes at 

1 Rosenoiv, EC,/ Infect Bis , 1900, 3, 6S3 
- Fenn, W 0 , / Qen Physiol , 1920, 3, 439 
3 Kite, G L , and 'Wlierry, W B , / Infeot Bis , 1916, Ifl, 100 
s Bobortson, 0 H , and Sin, R. E P , / Exp Med , 1924, 30, 219 
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one time and the angle of the tubes can be altered by placing one end 
of the tube in the second or third perforation from that opposite the 
one containing the other end of the tube The tubes are held in 
place by a rubber band which encircles them A constant speed 
electric fan motor furnishes the power which is transmitted by pulley 
through a short belt (rubber band) and a worm and circular gear 
The rotating rack revolves at a constant speed of 18 rpm and 
the mixtures shift from the base of the tube to the top against a 
paraffined rubber stopper and back again dunng each revolution 
The chief ad\antages of this design are the mechanical simplicity, 
constant speed and small space occupied by the machine It fits 
conveniently on the top shelf of a small incubator and requires no 
more attention than occasional oiling of the motor (Fig 1) 



Fig 1 


Tests were performed with defibrinated blood and washed suspen- 
sions of 24-hour cultures of Streptococcus •uindans, with and with- 
out agitation in the machine The mixtures were made in the pro- 
portion of 3 cc of freshly drawn, defibrinated blood and 1 cc of 
gelatin-Locke’s solution containing about 10,000 bacteria A 0 5 cc 
sample of this mixture was plated with 10 cc of dextrose agar im- 
mediately and again after 4 hours of incubation The results are 
indicated m Table I In the stationar> tubes an actual reduction in 
the number of bacteria as indicated by the colony count w as noted in 
onl} 2 cases of the 19 tested In e\er) case a much greater killing 
effect u as obtained in the mixtures that \\ ere rotated m the machine 
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TABLE I 

Bacteneidal Effect 'Witli and AVitliont Rotatory Agitation 

Case 

Colony Increase or Decrease in % 

No 

Stataonary 

Rotatory Agitation 

1 (FW) 

4-100 

—100 

2 (KS) 

4-1220 

4-59 

3 (ZW) 

4-290 

—78 

4 (TS) 

4-1330 

—98 

5 (WF) 

4-1330 

4-1140 

6 (AH) 

4-1000 

4-44 

7 (DC) 

4-2000 

4-100 

8 (LH) 

4-540 

— 99 

9 (AF) 

4-2000 

-fogo 

10 (MS) 

4-2000 

4-200 

11 (M-K.) 

—75 

—100 

12 (AVH) 

4-44 

— 75 

13 (RH) 

4-322 

—100 

14 (MS) 

4-270 

—100 

15 (MB) 

-i-110 

—100 

16 (GM) 

4-51 

—100 

17 (CC) 

-fl27 

4-80 

18 (AR) 

—68 

—100 

19 (A A ) 

4-200 

4-122 


Similar differences were noted m 7 tests in which, instead of in- 
cubating in stationarj^ tubes after the initial thorough mixing, the 
tubes were mixed by inverting several times by hand at 15-minute 
intervals and allowed to settle in racks in the interim (Table II) 


TABLE II 

•Raeterieidal Effect mth Intcnmtfent Sbalang and Rotatory Agitation. 


Caso 

No 


Colony Increase or Decrease in % 
Intermittent Shaking Rotatory Agitation 


1 (FJi) 
(DP) 
(GE) 
(EM.) 
JE) 

.QI^) 

(MS) 


4-60 

4-100 

—IS 

4-300 

—56 

4-2000 

4-1000 


—100 

—100 

—100 

—99 

—100 

4-43 

—99 


In every instance the colony count was less in mixtures rotated con- 
stantly in the agitating machine 




20 


CONTIVUOL 


Bactcncidil 



1 (Pi.) 

2 (DP) 

3 (Gi) 
•1 (KID) 
5 (JE) 
<5 (QL) 
7 (its) 


In every instance the colony count 
stantly in the agitating machine 
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An intestinal extract was prepared b> water extraction ot the 
duodenum and first few inches oi the ileum or a dog The extent 
ot digestion was practical!} identical wuth that caused b} combmed 
action ot commercial tiwpsin and erepsin The addition oi these 
enzymes produced no turther cleavage Xo digestion ot the car- 
bohydrate portion ot the molecule was observed 

These studies indicate that mucin, in contrast to most proteins, 
IS relatively resistant to enzvTnatic hydrolysis in vitro, a properly in 
accord w ith its ascribed protectiv e action. How e\ er, it seems prob- 
able that turther digestion ot mucm occurs in the digestive tract 
This IS indicated by the lact that normally no readily detectable quan- 
tities OI mucm are excreted irom the intestinal tract, and, turther- 
raore, that glucuromc acid ot mucm is av ailable tor conjugation ' 
Perhaps specific enzymiea exist lor this purpose, or some definite but 
at present unknown sequence ot enzymauc action is required. These 
studies are bemg continued w ith purified enzyme preparations 
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Depressor Extracts of Some Human Tissues."^ 

HEXET X HAKKrXS axd PtUL H. HA.BAIOX (Introducea Tit Eamund 

Xn^rews > 

From the Department of S^iir^erv The University of Chicarjo 


The recent work ot Dale Dudlev and their associates' ' * has 
throw n new light on the depressor substances that mav be extracted 
trom animal tissues The methods ot preparation ot and differen- 
tiation betw een the various depressor substances hav e been described 
especially by Chang and Gaddum ' Because these methods are 
rather new thev have not vet been applied extensivelv to human 
tissues The present work was undertaken to determine if there 
were anv unusual amount ot depressor substance in (I) carcino- 
matous tissue and m (2) toxic thvroid tissue 

All specimens were obtained from living patients dunng a stenle 
surgical operation The specimens were extracted in 3 hours or less 

* Vliller, C 0 Brazda F G , and Elliott E. C , Peoc ‘Sqc 'Exp Biol, vxi) 
AIed 1933 30, 633 Miller, C 0 , and Connor, J A , Tbtd 1933, 30 630 
*Work done m part under a grant trom the Douglas Smith Foundation. 

> Chang, H C , and Gaddum, J H., J Phijsiol , 1933, 70 255 
- Dudlev, H. W , J PhyjtoJ , 1933, 70, 249 
3 Euler, U S , and Gaddum, J H , J Physiol , 1931, 72, 74 




22 


Digestiov of Gastric jMucin 


absence of these conditions, identical material can be obtained by 
alcohol precipitation, either with or without additional peptic diges- 
tion The mucin used m these investigations was prepared from an 
undiluted commercial preparation by precipitation in 70% alcohol 
Mucin prepared in this manner was entirely resistant to further pep- 
tic action It IS quite possible that commercial mucin represents 
merely tlie peptic resistant portion of native mucin, though no con- 
clusive evidence is a%"nilable on this point 

■ In studying the action of trypsin upon mucin, enzjme prepara- 
tions from 3 different commercial sources were employed One 
sample was tested and contained, m addition to trypsin, the erepUc 
enzymes dipeptidase and ammopol> peptidase The data obtained 
with all 3 preparations were practically identical, the amounts of 
Tmino nitrogen liberated being equal to 7 57%, 7 90%, and 7 85% 

of tlie total nitrogen of the mucin 

The commercial erepsm employed was found to contain, in addi- 
tion to erepsm, a small amount ot proteinase When added to a 
trvptic di<^estate of mucin, the additional ammo nitrogen liberated 
was equarto approximately 3% of the total nitrogen, or a total in- 
crease of approximately 11% due to the combined acbon of trypsin 

summarizes the results when cleavage was fol- 
lowed bv means of 70% alcohol precipitation and subsequent 
anaKsis of the precipitated material These data, in agreement with 
?hose obtain^ by the Van Slyke metliod, indicate partial digestion 

bv both trypsin and erepsm 
^ TABLE I 

-^n-r - Reducfon of Mucm D.ge.tates 

% Precip * % N % Reduction! 

(ai glucose) 


Before digestion 
After trjptic digestion 
Tryptic + ereptic digesUon 


832 

76 5 

715 

69 

345 

382 

73 4 

62 

442 


TiTalcohol at 70^oncentrauon 
t After acid hydrolysis 


Proteolytic enzymes were also prepared from yeast by water ex- 
. their action upon rauan tested An increase in ammo 

Sr'ogen equal to toUl 

(beta glucosidase), steapsin and 

pancreatic amylase 
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An intestinal extract r\as prepared by water extraction of the 
duodenum and first few inches of the ileum of a dog The extent 
of digestion was practically identical with that caused by combined 
action of commercial trj'psm and erepsin The addition ot these 
enzymes produced no further cleavage No digestion of the car- 
bohydrate portion ot the molecule was observed 

These studies indicate that mucin, m contrast to most proteins, 
is relatively resistant to enzymatic hydrolysis in vitro, a property in 
accord with its ascribed protective action However, it seems prob- 
able that further digestion of mucin occurs in the digestive tract 
This is indicated by the tact that normally no readily detectable quan- 
tities of mucm are excreted trom the intestinal tract, and, turther- 
more, that glucuromc acid ol mucin is available tor conjugation ^ 
Perhaps specific enzymes exist for this purpose, or some definite but 
at present unknown sequence of enzymatic action is required These 
studies are bemg continued with purified enzyme preparations 
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Depressor Extracts of Some Human Tissues * 

HENBT N HARKINS and PAtTL H HARMON (Introduced hr Edmund 

\ndrewg ') 

From thp Brpartment nf 'iurgery The Unwcrsxtv of Chicago 


The recent work of Dale Dudley and their associates’ ^ ’ has 
thrown new light on the depressor substances that may be extracted 
from animal tissues The methods ot preparation of and differen- 
tiation betw een the various depressor substances have been described 
especially by Chang and Gaddum’ Because these methods are 
rather new, they ha\e not >et been applied extensivelj to human 
tissues The present work nas undertaken to determine if there 
were anj unusual amount of depressor substance in (1) carcino- 
matous tissue and in (2) toxic thyroid tissue 

All specimens were obtained from living patients during a sterile 
surgical operation The specimens were extracted in 3 hours or less 

* ililler, C 0 , Brizdn F G and Elliott, E C , Peoc Soc Exp Biou vxd 
Med 1933, 30, 633 Miller, C O , and Connor, J A , Ibid , 1933, 30, 630 

* Work done in part under a grant from the Douglas Smith Foundation 

1 Chang, H C , and Gaddum, J H,, J Physiol , 1933, 70, 255 

= Dudley, H, W , J" Physiol , 1933, 70, 219 

9 Euler, U S , and Gaddum, J H,J P/iyaio! , 1931, 72, 74 
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Depressor Extracts of Human Tissues 

following operation and were kept in a refrigerator at 4°C m the 
meantime The tissue was weighed and placed in 10% trichlor- 
acetic acid (2 cc of acid for each gm of tissue) It was then cut 
up m the acid with scissors and left with occasional stirring for sev- 
eral hours The extract was filtered through paper on a Buclmer 
funnel and the tissue washed with 7% trichloracetic acid The 
filtrate was then shaken 3 or 4 times w ith ether m a separating funnel 
until It w'as only taintly acid to congo red paper It was then con- 
centrated at low pressure at 37°C until 1 cc ot extract corresponded 
to about 1 gm of tissue This solution was made neutral to conp 
red b, titrafng »..b 140 N NaOH aad to used ,n the 

biological test , , 

In the present work the extracts were tested for effect on dog s 

and rabbit’s blood pressure The blood pressure was measured by a 
mercur% manometer connected to a cannula in the right carotid 
arteix ' The extract w-as injected by means ol a burette connected 
with a cannula m the left temoral vein of the dogs or the left exter- 
nal jugular ^e.n ot the rabbits The depressor action <:om- 
nared with that produced b> a standard solution of acetj choline 
made up so that 1 cc corresponded to gamma acetjlchol me f 
1 cc of the unknown extract gave a fall in blood pressure equal to 
that produced 1)Y 1 cc of the standard solution then the unknown 
extract was said to contain ly acetylcholine equivalent per cc An 
effort was then made to determine whether or not the depressor 
action was due to acetjlcholme or some other substance According 
rnrUlum acetv Ichoime is quite inactive when tested on 
oTa.. a.r'op,u„«. rabbu u,« be shu.u U.e, 

m the present work most of the tissues extracted produced quanti- 
in the pr pressure ot a rabbit atter atropiniza 

Contrel lujeccu. o. pure acetylcholme toe 
tion as be r i, ^ yood pressure atter atropmization This 

rabbits pro need Uh^ extracts tested using the atropinized rabbits 
Woo'd pressure as a cruerron. acetylcholme uas not present ,n large 

amounts and Gadduni histamine produces little tall 

According In the present studies the tissue extracts 

in rabbits bio pr pressure of rabbits as on that ot 

were just as ac iv , absolute dose per unit body 

dogs, both ^ ,j|jol^ne-equivaIent This indicates that m the 

weight and criterion of Chang and Gaddum hista 

extracts tes c t larffc amounts 

"’Euler 'and GaddunT found large amounts of a substance they 
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called the “P” substance m certain animal extracts This sub- 
stance lowers the arterial blood pressure of the atropmized rabbit 
It can be differentiated from adenosine which is stable m alkalis 
and inhibits the rabbit’s intestine Wilson, Stewart and Harkins,* 
working in Wilkie's laboratory' found that the depressor substance 
m the skin of burned and normal rabbits answered the specifications 
of the P substance and that acetylcholine was not present m anything 
but small amounts > 

Results Six human tissues were extracted as follows ( 1 ) Car- 
cinoma of thyroid, woman aged 33 years, basal metabolic rate 
minus 6 betore operation (2) Quadriceps muscle from amputated 
leg (3) Hemorrhagic fluid from aseptic necrosis of large nodule 
m adenomatous goitre, man aged 60 years, basal metabolic rate 
plus 21 five days before operation and plus 13 three days before 
operation (4) A supposedly normal thyroid gland removed for 
cardiac disease, man aged 43, basal metabolic rate plus 7 before 
operation (5) Pectoralis major muscle from radical mastectomy 
(6) Toxic thyroid gland, woman aged 27 years, basal metabolic 
rate plus 24 just before operation, plus 43 a week previous 
The acetylcholine-equivalents of these extracts are given in 
Table I Of the 5 extracts tested before and after atropinization 2 

TABLE I 

The "icetylcholine equivalent of sis luinian tissue extracts The use of the term 
acetylcholine equivalent does not imply that the substance tested is actually 
acotylcholine 

Before atropine After atropine 

No of animals No of ammals 

used in assay Aver used in assay Aver 
ae equiv ac tquii 


Extract 

Dogs 

Babbits 

7 pergni 

Dogs 

Babbits 

7 per 1 

1 Carcinoma of thyroid 

3 

3 

1 2 

2 

2 

11 

2 Quadriceps muscle 

2 

7 

20 

1 

1 

14 

3 Thyroid cyst fluid 

1 

2 

0 02 

0 

0 

— 

4 Normal thyroid 

1 

0 

8 0 

1 

0 

00 

5 Pectoralis muscle 

o 

1 

18 

1 

0 

03 

6 Toxic thyroid 

> 

2 

3 0 

1 

1 

o 6 


shou ed only a slight change, 2 were less active and one more active 
after atropine For the 2 that were less active alter atropine, this 
conclusion w as based on only a single assay in each case It must be 
remembered, howe\ er that after atropine, the blood pressure often 
falls somewhat and the absolute fall produced by an equivalent 
amount of substance may be less even though the relative tall is as 
great The average acetylcholine-equu alent of the 2 normal human 

^ Wilson W C , Stewart, CP, and Harkins, H N , Depressor Substances in 
Burjjcd Tissues, to be published 
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following operation and were kept in a refrigerator at 4°C in the 
meantime The tissue was weighed and placed in \0% trichlor- 
acetic acid (2 cc ot acid for each gm of tissue) It was then cut 
up in the acid with scissors and left with occasional stirring for sev 
eral hours The extract was filtered through paper on a Buchner 
funnel and the tissue washed with 7% trichloracetic acid The 
filtrate w as then shaken 3 or 4 times with ether in a separating funnel 
until it was only tamtly acid to congo red paper It was then con- 
centrated at iow' pressure at 37“C until 1 cc of extract corresponded 
to about 1 gm ot tissue This solution was made neutral to congo 
red solution b} titrating wnth 1-10 N NaOH and then used in the 
biological test 

In the present work the extracts were tested for effect on dog’s 
and rabbit’s blood pressure The blood pressure w'as measured by a 
mercun manometer connected to a cannula in the right carotid 
arteix The extract was injected b> means of a burette connected 
wuth a cannula in the lett femoral vein of the dogs or the left exter- 
nal jugular lein ot the rabbits The depressor action was com- 
pared with that produced by a standard solution of acetylcholine 
made up so that 1 cc corresponded to 1 gamma acetylcholine If 
1 cc ot the unknown extract gave a fall in blood pressure equal to 
that produced by 1 cc of the standard solution, then the unknown 
extract was said to contain 1/ acetylcholine equivalent per cc \n 
effort was then made to determine whether or not the depressor 
action was due to acetylcholine or some other substance According 
to Chang and Gadduni, acetylcholine is quite inactive when tested on 
the blood pressure ot an atropimzed rabbit As will be shown later 
m the present work, most of the tissues extracted produced quanti- 
tatively as great a fall in blood pressure of a rabbit after atropiniza 
tion as before Control injections of pure acetylcholine in these 
rabbits produced no fall in blood pressure alter atropinization This 
indicates that in the extracts tested, using the atropimzed rabbit s 
blood pressure as a criterion, acetylcholine was not present m large 
amounts 

According to Chang and Gaddum histamine produces little fall 
in rabbit’s blood pressure In the present studies the tissue extracts 
were just as active on the blood pressure of rabbits as on that of 
dogs, both w'hen compared as to absolute dose per unit bodi 
weight and as to acetylcholine-equivalent This indicates that in the 
extracts tested, using this criterion of Chang and Gaddum hista 
mine w'as not present m large amounts 

Euler and Gaddum^ found large amounts ot a substance they 
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Role of Leucocytes and Serum in Streptococcidal Activity of Blood 
PLOYD BOYS AiO) F D GTTNTST 

From the Department of Fathology, ^forthweetem Unxiermty JfeduyzC School 
and the Clinical Laboratory of Evanston Sospital 


In testing the defibnnated blood and serum of patients and nor- 
mal individuals for killing effect against streptococci we found that, 
while the majonty of samples ot blood exhibited bactenadal power, 
the serum alone rarely caused reduction in the number of bacteria 
This finding supported the idea that the effective bactericidal agent 
in whole blood acting against streptococci resides in the cellular 
elements and confirms the earlier observations of several workers, 
notably Mackie, Finklestein and Van Rooyden^ with regard to 
gram positive cocci m general Most of the previous work on 
gram positive bacteria, however, has been done with pneumococci' 
and staphylococci and we considered it worth while to check and 
extend the work with streptococci 

Leucocyte counts were made at the tune of withdrawal of sam- 
ples of blood and repeated alter defibnnation was completed The 
defibrination w^as accomplished by rotating the blood with glass 
beads m an Erlenmeyer flask under stenle precautions In 6 samples 
of freshly drawn blood, leucocyte counts of 6930 to 9550 per cm 
mm were obtained and m the same samples after defibrination the 
leucocyte number was between 5200 and 7160, an average reduction 

TABLE I 


Effect of Aging and ChiUing on Baeteneidal Test 


Case 

Xo 

Start 

Colony Count Be Test 

4hr3 

8 hrs 

Leucocytes 

1 

Fresh blood 

2oG 

6 (—97) 

320 

6150 

7o 


Chilled ” 

200 

900 (-r3S0) 

8000± 

4850 

(—21) 

2 

Fresh blood 

256 

31 (—88) 

2080 

5300 


Chilled ” 

245 

8000± (+3200) 

8000± 

2435 

(—54) 

3 

Fresh blood 

448 

8000± (-rl700) 

SOOOi 

5940 


ChiUed ” 

320 

8000± (-r2400) 

S000± 

2825 

(-32) 

4 

Fresh blood 

140 

5 (—97) 

15 

6400 


Chilled ” 

110 

800 (+630) 

8000± 

2600 

(-59) 

5 

Fresh blood 

175 

0 (—100) 

50 

6600 


Chilled ” 

100 

3 (—98) 

576 

5350 

(—19) 


I ^ tac k le, J , Pmkleatem, it H , and Vaa Eoovden, C E , / Dyg , 1932, 32, 
491 

- Eobertaon, 0 H., and Sia, B H P , J Exp Hed , 1924, 39, 219 
3 Thalhimer, W , and ColweU, C , J Lab and Clin died , 1929, 24, 441 
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muscle extracts uaa 1 9, that of the toxic thyroid was 3 6, the nor- 
mal thjroid was S 0, the carcinoma of the thyroid uas 1 2, and the 
fluid from the th>ro]d cyst was 0 02 These results indicate that in 
these single instances, there is no unusual amount ot depressor sub- 
stance m toxic thyroid tissue or in carcinomatous tissue 

Controls In addition to comparing the effects on atropinized 
and unatropinized dogs and rabbits with those produced b} standard 
acetylcholine solutions, controls were made as, follows (a) 10% 
trichloracetic acid alone w'as tound to produce a definite depressor 
action roughly 0 5/ ac -equiv per cc acid (b) 10% trichloracetic 
acid was extracted in exactly the same wai* as the human tissues 
This included all steps of the process Part ot this solution was 
extracted with ether tw'ice, part 4 times and part 6 times ,A.ll ot 
these solutions were equally inactne, roughly less than OOiy ac - 
equiv per cc acid (c) Several of the tissue extracts were assayed 
without accurate neutralization after extraction and compared w ith 
the effects alter neutralization to Congo red solution and to phe- 
nolphthaiein In general these extracts w-ere equally actne (d) 
Extract No 5 (pectoralis major muscle) w’as assayed betore anJ 
alter being passed through a Mandler filter and found to be equallj 
active in both instances 

There are many substances isolated trom animal tissues that fall 
under tlie classification ot depressor substances These include (a) 
histamine, (b) acetylcholine, (c) choline and other choline esters 
(d) adenosine, (e) P substance, (f) potassium, and (g) R sub- 
stance ' The biological assay used m tlie present paper indicates 
that the extracts ot human tissues tested contained practically no 
histamine and very little acetylcholine because they lowered the 
blood pressure of atropinized rabbits The various other substances 
w^ere not definitely excluded, but nothing was tound to indicate that 
the active principle was other than the P substance The amount ot 
depressor substance m any of the human tissues tested was not as 
great as that found in certain animal ussues such as the spleen of the 
Lrse or ox which Chang and Gaddum found to contain 4 to 30/ 
ac -equiv This amount was said to be actually due to acetylcholine 
itself These authors also found 28y ac -equiv in extracts of a hu- 
man placenta 

Conclnswns In several human tissue extracts, including toxic 
thyroid tissue and carcinomatous tissue, depressor substances were 
found not to be present in unusual amounts The major part of 
the depressor substance present m these tissue extracts does not act 
hke acetylcholine or histamine w'hen tested for effect on the blood 
pressure of atropimzed rabbits 
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factor This was found to be the case in each of 5 samples from 
different patients where the blood was fortified by the addition of 
leucocytes at the end of 4 hours of incubation The volume of leu- 
cocyte suspension added to each tube was equal approximately to 
that at the beginning of the test (Table III ) 


TABLE III 

Bactericidal Poiier after Fortification ivitli Lencocytea 


Case 

No 


Control 


Fortified at 4 hours 

Start 

4 his 

8 lira 

Start 

4 Iits 

8 hra 

1 

520 

S000± 

8000±: 

560 

8000± 

1216 

2 

80 

160 

4000± 

90 

175 

115 

3 

2880 

SOOOi: 

8000± 

2900 

8000± 

1940 

■i 


19 

160 

250 

28 

15 

5 

152 

4 

200 

160 

7 

30 

In a 

Similar group of cases the blood samples 

were each divided 

into 2 equal portions One 

was run as usual as 

the control and the 

other was subjected to rotatory agitation m the incubator for 4 

hours before the suspension of bacteria was added The killing 

effect of the blood was completely destroyed 

in 3 samples and 

senously impaired 

m the other 2 as a 

result ot the preliminary m- 

cubation (Table IV) 








TABLE IV 





Beduction of 

Bactericidal Power after Preliminary Incubation 

Case 


Control 


4 hra Preluninary Incubation 

No 

Start 

4 hrs 

8 lira 

Start 

4 lira 

8 hrs 

1 

288 

0 

58 

300 

728 

8000± 

2 

432 

0 

0 

400 

368 

124 

3 

800 

13 

62 

780 

8000± 

SOOOi: 

4 

820 

125 

548 

800 

8000± 

8000± 

5 

592 

11 

0 

610 

8000± 

SOOOrt 


) 

The mode of destruction of the bacteria and the rate at which they 
were removed w'ere determined by the examination of stained films 
made from the mixtures at intervals dunng the tests For this 
experiment suspensions containing about 200 million bacteria per cc 
were used Blood films w^ere made m the usual manner from a drop 
removed by sterile capillary pipette and stained w'lth Wright s blood 
stain The relative numbers of polymorphonuclear cells containing 
bacteria and those show'ing no bacteria in their cytoplasm at the 
different mtenals are recorded in Table V Tow^ard the end ot the 
4-hour period the leucocytes were so few that only 10 or 15 leuco- 
cytes were tound by systematic examination of the entire film In 
each case the majority of the leucocytes contained phagocytosed 
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of 23% This reduction was not sufficient to produce an appreciable 
alteration of the bactericidal power of the blood as proved by pre- 
vious experiments After rotatory agitation for penods of 4 hours 
without the addition of bacteria, however, the reduction in number 
of intact leucocytes was from 70% to 90% 

The effect of standing and refrigeration is illustrated in Table I, 
which gives the comparative colony counts from bactericidal tests 
made on fresh samples and samples allowed to stand in the refrig- 
erator overnight These were incubated with the test culture for 
periods of 4 and 8 hours m the agitating machine In each blood 
sample that exhibited definite killing action %vhen fresh, there was 
marked reduction of bactencidal power after refrigeration In these 
samples the degree of reduction m number of leucocytes varied be- 
tw'een 19% and 59% It is obvious that the numerical reduction in 
leucocvtes is not the most important factor The phagocytic activity 
of the intact leucocytes must have been seriously impaired by such 
treatment 

Next a small series of tests was made to determine whether or 
not some of the inhibitory effect of the blood would remain after 
complete removal of the leucocjtes Four samples of defibnnated 
blood from different patients were divided into 2 portions and one 
part centrifuged at low' speed to throw dow’n the formed elements 
The buffy coat w'as removed as completely as possible with sterile 
pipettes and parallel tests w'ere run on these samples and on the com- 
plete defibnnated blood as controls The results (Table II) indicate 


TABLE II 

Effect of Bemoval of Lcucocytea 


Case 

No 

Colony Count (Control) 

Colony Count (Leucocytes removed) 

Start 

4 hra 

8 lira 

Start 

4 hrs 

8 hra 

1 

2880 

SOOOi: 

8000± 

2180 

8000± 

8000± 


2240 

37 

80 

2200 

8000± 

SOOO-i- 


190 

0 

0 

210 

8000± 

8000-1- 

i 

200 

1 

160 

215 

8000 ± 

8000± 


that after the more or less complete removal of leucocytes blood no 
longer inhibits the growth of streptococci In case 1, howe\er the 
blood failed to show' an) inhibitory effect even in the control sample 
The apparent exhaustion of bactericidal pow'er alter about 4 
hours of incubation and the demonstration of marked reduction of 
leucocytes in mixtures that had been incubated for a few' hours w'lth 
rotatory agitation led us to suspect that the loss of killing power w'as 
due merely to exhaustion and disintegration of tlie leucocytes If 
true an addition of fresh leucocytes should restore the exhausted 
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same sample (Table VI) No correlation was obsei^^ed One of 
the two samples of blood showing the least bactericidal power, con- 
tained the highest concentration ot complement and the 2 samples 
having the greatest killing power yielded very low complement titer 
Finally the thermostability of the active factor was tested by 
removing the serum as completely as possible from samples of de- 
fibnnated blood after centrifugation and heating it at 55°C for 30 
minutes The inactivated serum was then restored to the cells from 
which it had been removed and bactericidal tests run For controls 
we used a part of the same sample, subjected to the same treatment 
i\ ith the exception that the serum was not heated In a few cases 
a part of the serum was heated to 68°, returned to the cells and 
then tested for killing effect Similar tests were made i\ ith serum 
alone after heating at 55° or 68° for 30 minutes and with unheated 
controls In none of these cases was there any evidence that the 
bactencidal property was impaired by the heating of the serum 
Coiicliisioiis The power of defibnnated blood to inhibit the 
growtli of or destroy streptococci is dependent upon the presence of 
surviving leucocytes and is roughly proportional to the number of 
leucocytes, other factors being equal A minimal number of leuco- 
cytes IS necessary' for the demonstration of the bactericidal effect 
The bacteria are remoied bv phagocy'tosis and finally destroyed by 
intracellular lysis Complement is not necessan for the bactericidal 
action of defibnnated blood or serum The bactericidal element in 
defibnnated blood uhich is effective against streptococci is not de- 
stroyed bv heating the separated serum at 55 °C for 30 minutes 
The results of a small number of tests suggest that the heating ot 
the serum even at 68° C does not impair the bactericidal effect of 
the restored defibnnated blood 
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Development of Gastnc Ulcers and Decrease m Reducing Power 
of Adrenals Following Injection of Bile Salts, 

EICHMOND K ANDEESON Aim CHESTEB J FAEITEE 

From the Department of Chemistry, Northwestern University Ifedtcal School, 

Chicago 


Sellards’ reported tlie deielopment ot acute gastnc ulcers in 
guinea pigs following intraperitoneal bile salt injection His ob- 
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TABLE V 

Bate of Phagoeytoaia m Bactericidal Teats 


Case 

No 

Pmn vntli bae 

1 No mtrac bac 
Col m Be test 

Pmn vritb bac 

2 No mtrac bac 
Col in Be test 

Pmn with bac 

3 No mtrac bac 
Col m Be tost 

Pmn mth bac 
i No mtrac bac 
Col m Be test 

Pmn -with bac 
5 No mtrac bac 
Col m Be test 


Start 


1 

ly. 

2 

3 

4 

8 hrs 

3 

0 

12 

13 

26 

15 

10 


22 

19 

13 

2 

0 

0 

0 

20 

64 

100 








8 

18 

25 

25 

18 

15 


20 

80 

17 

7 

0 

0 

0 

0 

160 

6000± 

10 

23 

25 

25 

25 

20 

10 


15 

2 

0 

0 

0 

0 

0 

1 

1 

150 








4 

11 

16 

24 

25 

15 

15 


21 

190 

14 

10 

1 

0 

0 

0 

160 

640 

12 

40 

44 

46 

50 

50 

50 


38 

10 

C 

4 

0 

0 

0 

1 

1 

200 









Kv tbe end of one or one and one-half hour and m 2 hours all 

TmL agranon 

of the cells , . rate of phagocytosis were observed in 

Sose Ho^d'samples exhibiting marked inhibitory power in the bac- 
tericidal tests t was^found that while the presence 

In for the obtaining of bactericidal effects, 

of serum ^^as ^ ® apparently as effective as undiluted serum 

dilutions up to l-2a vere^aPP^^^ 

The v"^tericidal power of whole blood defibrmated blood 

tionship to the b of^varying complement concentration re- 

or serum me d In 10 cases the complement titer and 

dafibrmated blood were deternrmed on the 

m » T>T .'C' VT 
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C, should reveal any marked decrease in this substance Unfor- 
tunately at the time these experiments were conducted, we did not 
have available 2,6-dichlorophenolindophenol, which, according to 
recent work, exhibits considerable speaficity for ascorbic acid 
The techmque consisted m grinding the whole adrenal under 10% 
trichloracetic acid, filtermg, and washing the residue, followed by 
titration of the filtrate with 0 002 N iodine, using starch as the in- 
dicator For titration the left adrenal was generally employed, the 
nght havmg been used for silver nitrate staining From Table I it 

TABLE L 


Iodine Titrahon of Adrenals FoUowuig Bile Salt Injeetaon- 


Sex 

Wt 

gm. 

Bose bile salts 

Time for 
death 

Wt adrenal 
gm 

cc 

cc Iz/gm 
adrenal 

M 

234 

control 

killed 

065 

65 

10 0 

M 

226 


H 

066 

61 

94 

F 

187 

i i 

f > 

034 

35 

lOJ 

F 

251 


1 f 

074 

75 

101 

M 

265 

>> 

tt 

042 

62 

14.8 

M 

291 

I f 

>> 

047 

50 

10 6 

F 

254 

>> 


053 

77 

14 5 

U 

188 

05 g 

4% hra. 

061 

40 

66 

M 

167 

ao 

5% 

073 

61 

S3 

M 

207 

J.Q 

214 

076 

16 

21 

M 

200 

15 

1% 

059 

50 

85 

P 

187 

10 

414 

038 

40 

10 5 

P 

175 

15 

ly* 

050 

27 

54 

P 

205 

15 

2^ 

067 

20 

30 

P 

— 

15 

2yr 

076 

48 

63 

M 

312 

05 

26 

066 

63 

80 

M 

286 

10 

4 

064 

63 

98 

M 

304 

J.5 

0 

075 

57 

7 6 

P 

304 

10 

4 

052 

38 

7 3 

P 

292 

10 

iV. 

082 

69 

84 

P 

290 

15 

0 

067 

46 

69 

M 

332 

10 imtial 







05 23 hrs 







05 27 ” 







10 29 ” 

30% 

0b7 

56 

8 3 

P 

294 

05 initial 







05 23 hrs 







05 26 ” 

31 

102 

80 

7 8 


ATcrage cc. iodine /gm. adrenal controls = 114 
injected pigs =: 7 2 


Will be observed that injected animals showed a decreased iodine 
titration 

A series of 26 rats as also injected with bile salts Doses com- 
parable with those used with guinea pigs usually caused death 
within 24 hours, but in no case was ulceration similar to that pro- 
duced in guinea pigs observed Occasionally slight, superficial 
■ Birch, T W , Hams, L. J , and Baj, S N , Biochem J , 1933, 27, 590 
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servations ha\e iieen confirmed and extended by Tashiro and co- 
workers'" We injected approximately 40 pigs nith varying 
amounts of bile salts (Fairchilds) The expected individual varia- 
tions in susceptibility were obserred, but injections of 0 1 gm or 
more generall) caused death and extensive ulceration of the gastric 
mucosa The latter was usuallj so marked that the site of the 
ulcers could be plainly observed trom the outer surface ot the 
stomach, api earing as thin, semi-transparent areas In 3 animals 
perforation occurred, gastric contents being found m the peritoneal 


cavity at autopsy 

Szent-G>org>i'’ reported the darkening ot the adrenal cortex 
when subjected to a siher nitrate solution Harris and Raj^ and 
Siehrs and Aliller- report that this does not occur in guinea pigs on 
a scorbutic diet When we attempted to stain, w-ith siKer nitrate, 
tlie adrenals of pigs previously injected with bile salts, darkening 
w’as slight or absent Adrenals of apparentl) normal pigs may 
however, not stain wnth silver nitrate Gough and Zilva” report that 
in pigs ^ven 10 cc of decitrated lemon juice daily for a period or 
3 months the adrenals did not stain, although at autopsy no abnor- 
malities were obseiwed We kept 12 pigs on a diet of oats, an occa- 
sional carrot, and 2 cc of orange juice daily for one week The 
cortex ot the adrenals did not stain with silver nitrate The absence 
of this staining reaction may merely indicate an insufficient excess 
of vitamin C m the diet to allow for its deposition in the adrenal 
Therefore in the remaining experiments, a diet abundant in vita- 
min C was administered, the pigs receiving oats, fresh carrots and 
cabba-e and, in addition, 4 cc of orange juice daily for a period ot 
3 weeks’ pnor to injection The adrenals of control animals stained 
almost totally black with 0 4fo silver nitrate solution when exposed 
fnr 3 minutes to a 115 watt blue mazda lamp at a distance of ap- 
nroximately 8 inches The adrenals ot animals injected with bile 
Llts also showed some reduction under similar treatment, but n 
all cases the extent of darkening was distinctly less than 
r* ” 0 ^.™ tended more toward a brown than to the black 

nf The controls The decrease m reducing power was also con- 
fined bv iodine titration, which , although not specific for vitamin 

’ I ’ , JmJ Bull UU.V CncumcU, 1931, 0. 110, 124, 130, 134, 144 

. Tashiro, el al , Mca 

a Szeut GkorKL A, ^oche^” ^ ’ s.o'.uem J , 1933, 37, 303 

!sXs.’a ^ 


696 

u Gough, J 


, and Zilva, B S , Bioehem 


J, 1933, 37, 1379 
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Other dilates examined, Frontonta^ Spirostomum, Dtleptiis, show 
differentials m staimng and reduction essentially similar to those 
of Paramecium, but with different ranges of concentration and 
different degrees of decrease m oxygen The animals and other 
material from the mfusion decrease the oxygen sufficiently to permit 
more or less reduction m Frontoma and Dileptus m open prepara- 
tions, while Spirostomum requires several hours m sealed prepara- 
tion fpr complete reduction after slight stainmg 

In Hydra tentacles stam first with concentrations used thus far 
and if staining is not earned to the point of injury each tentacle 
shows a basipetal reduction gradient in low oxygen With further 
stainmg before reduction loss of reduemg power occurs first at the 
tentacle tip and progresses basipetally as staimng proceeds and 
cytolysis follows basipetally In the body ectoderm reduction oc- 
curs most rapidly m the hypostome region and progresses basipet- 
ally, provided staimng has not progressed to the point of mjury 
and loss of reduemg power The basal stalk region of Pelmato- 
hydra reduces more rapidly than the body after light staimng, but 
is also more susceptible than the body and mjury and loss of redue- 
mg power occur with comparatively little staimng In Stenostomum 
chains of zooids the head regions of the developing zooids beyond 
a certain stage of development reduce the dye more rapidly than 
more posterior levels with light stainmg, but are more susceptible to 
loss of reduemg power after deeper staimng The ventral body wall 
also reduces more rapidly than the dorsal In the microdnlous 
ohgochetes, Tubifev and Nais the body wall of the anterior region 
and the posterior growing region consisting of a large number of 
dcvelopmg segments do not stam or stain less rapidly than the mid- 
dle region and the ventral body wall does not stain or stains less 
rapidly than the dorsal in low concentrations of dye m the oxygen 
content of the cultures of decaying vegetation, bactena, protozoa, 
etc , m which the animals are maintained in the laboratory After 
stammg up to a certain point anterior and posterior regions reduce 
more rapidly than the middle in low oxygen and the ventral bod> 
wall reduces more rapidly than the dorsal With high dye concen- 
trations the anterior end stains more deeply than the middle and its 
reduemg power is decreased or lost The postenor region is so sus- 
ceptible that It IS usually killed before it becomes very deeply stained 
Concentrations used m these experiments range from 1/5000 to 
1/300000 methylene blue Since the leucobase stains and injures 
some forms (e g , Paramecium) much more rapidly than the oxi- 
dized dye the range of concentrations for certain results is lower 
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erosions were seen, but nothing comparable with the deep, extensive 
ulcers which developed m the guinea pigs was observed When the 
rats adrenals were stained with silver nitrate, the darkening was 
immediate and marked At present we are unable to say defimtely 
whether this resistance of the rat to ulcer production through bile 
salt injection is due to their ability to synthesize vitamin C or to 
some other species difference 
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DifferenUal ReducUon of Methylene Blue by Living OiganiBins. 

0 M. CHILD 

From thd Evil Zoological Zaboratory, Umversity of Chicago 

With the oxidized dye and with a leucobase prepared by addin"- 
small amounts of HCl and NajSjOa to dye solutions axial differen- 
tials or gradients m rate of reduction of dye have been observed ir 
vanous unicellular and multicellular organisms Parawecium is 
able to reduce methylene blue in mixtures of culture fluid and dye 
exposed to air, provided the animals are numerous in proportion to 
volume of fluid or gather m aggregations and decrease oxygen 
locally, or provided other organisms which take up oxygen are 
present, but reduces more rapidly m sealed preparations with small 
amounts of fluid With high oxygen content of solutions the an- 
terior ectoplasm stains more rapidly than other parts In low con- 
centrations of dye with somewhat lower oxygen content permitting 
some reduction stain appears first in the deepest part of the pos- 
terior entoplasm, extends anteriorly in the entoplasm and the ecto- 
plasm does not stain or stains more slowly, also from posterior to 
anterior, except for the extreme postenor tip which often stains less 
rapidly than adjoinmg regions Apparently rate of staming under 
these conditions vanes inversely as reduang power of different 
regions In stained but uninjured animals reduction first becomes 
evident in the ectoplasm of the anterior end and progresses pos- 
teriorly, somewhat more rapidly along the peristome than on the 
aboral side and tlie extreme posterior tip of some individuals shows 
early reduction In high concentrations the anterior ectoplasm 
stains more rapidly and more deeply than other regions at first and 
with sufficient staining it is injured and its reduang power is de- 
creased or lost while more posterior regions are still able to reduce 
the dye m low oxygen. 
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Other dilates examined, Frontoma, Spirostomum, Dileptus, show 
differentials m staimng and reduction essentially similar to those 
of Paramecium^ but with different ranges of concentration and 
different degrees of decrease m oxygen The animals and other 
matenal from the infusion decrease the oxygen sufficiently to permit 
more or less reduction m Frontoma and Dileptus in open prepara- 
tions, while Spirostomum requires several hours m sealed prepara- 
tion for complete reduction after slight stainmg 

In Hydra tentacles stam first with concentrations used thus far 
and if staimng is not earned to the point of mjury each tentacle 
shows a basipetal reduction gradient in low oxygen With further 
staimng before reduction loss of reduemg power occurs first at the 
tentacle tip and progresses basipetally as staimng proceeds and 
cytolysis follows basipetally In the body ectoderm reduction oc- 
curs most rapidly m the hypostome region and progresses basipet- 
ally, provided staining has not progressed to the point of mjury 
and loss of reducing power The basal stalk region of Pelmato- 
hydra reduces more rapidly than the body after light staming, but 
is also more susceptible than the body and injury and loss of reduc- 
ing power occur with comparatively little staimng In Stenostomum 
chains of zooids the head regions of the developing zooids beyond 
a certain stage of development reduce the dye more rapidly than 
more postenor levels with light stammg, but are more susceptible to 
loss of reduang power after deeper staimng The ventral body wall 
also reduces more rapidly than the dorsaL In the imcrodnlous 
oligochetes, Tubifex and Nais the body wall of the mtenor region 
and the postenor growing region consisting of a large number of 
dcvelopmg segments do not stam or stam less rapidly than the mid- 
dle region and the ventral body wall does not stain or stains less 
rapidly than the dorsal in low concentrations of dye m the oxygen 
content of the cultures of decaying vegetation, bactena, protozoa, 
etc , in which the animals are maintained in the laboratory After 
stammg up to a certain point anterior and posterior regions reduce 
more rapidly than the middle m low oxygen and the ventral bod> 
wall reduces more rapidly than the dorsal With high dye concen- 
trations the anterior end stains more deeply than the middle and its 
reducing power is decreased or lost. The postenor region is so sus- 
ceptible that It is usually killed before it becomes very deeply stained 
Concentrations used in these experiments range from 1/5000 to 
1/300000 methylene blue Since the leucobase stains and injures 
some forms {e g , Paramecium) much more rapidly than the oxi- 
dized dye the range of concentrations for certain results is lower 
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i hat the results described are due to reduction not i-ft d ff 

^dient in animals not irreversibly injured is essentially identical 

anJ nh ^ Susceptibility to a large number o[ chemiSl 

and physical agents in gradually lethal concentration or dosa-e 

,n J^^^^‘""''P“f"™;reduction gradient in Paramecium was noted 
m an earlier paper Recently Roskm and Semenoff,= using a leuco- 
base only, have concluded from the observed course of reduction that 
oxidatiOT occurs most rapidly m the posterior region of Parame- 

buTlh f duplicated by following their procedure 
but this procedure results m deeper staimng of the anterior ecto- 
plasm and less rapid or no reduction there while more posterior 
r^ons are still able to reduce, consequently they have failed to 
observe the normal anteropostenor reduction gradient 
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Hffect of I-2<-4 Ouutrophenol on Cellular Respiration 

K. H Do MEIO» AND E S GUZMAN BAKKON 

From ttia Latlor Foundatton for Medical Sesearch and the Department at 
Medicine, the Unwertity of Chicago 

Numerous investigators (Plantefol," Field, Martin and Field = 
Ehrenfest and Ronzond) have reported that 1-2-4 dimtrophenol 
added m mtro to plants, yeast cells and frog tissues increases their 
respiration This increase seems to be associated with an increased 
aerobic fermentation in the case of yeast cells (Cutting and Tain- 

1 Child, 0. M., and Deviney, E , J Exp Zool , 1928, 43, 257 “ 

2 Boakm, G , nnd Semeaoff, W , Z f ZeUforaohung u. mCfcr Anat , I933 19 

* Hockefeller Foundation Fellow 

iPlantefol, L, aIjui. Phgsiol. Fhytlcoehlm. Biol, 1933, 8, 127 

* Field, J , 2a^ Martin, A. W, and Field, 8 M., Psoa Soa Eip Bmr 

Med, 1933, 31 , 56 ^ 

3 Ehrenfeet, E , and Bonioni, E , Paoa Soa Eip Biol, and Med insi »-i 

318 ' ’ 

« Cutting, W 0, and Tainter, ML,/ Pharm and Sxp Thar , 1933 ^ 49 
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ter*) and an acceleration of anaerobic lactate production in the case 
of frog tissues (Ehrenfest and Ronaoni) 

The experunents here reported were performed in an attempt to 
determine the mechanism of this rise m cellular respiration The 
oxygen consumption was measured with the Warburg apparatus 
The yeast (baker’s) was suspended in 0 066 M phosphates, the 
frog tissues, in frog Ringer’s, buffered with phosphates to pH 7 46 , 
the goose red cells in 0 9% NaCl buffered with phosphates to pH 
7 46 All these solutions contained 0 2% ^ucose Gonococa were 
suspended m 0 9% NaQ and buffered with phosphates to pH 7 01 
and pH 6 0 

Field, Martm and Field’s contention that dmitrophenol is active 
only m its undissociated form is not supported by the findings of 
Ehrenfest and Ronzom, nor by our own experiments Dmitrophenol 
mcreased the respiration of yeast at pH 6 64 (where the concentra- 
tion of the undissoaated form was only 0 0158 mg per liter), and 
the respiration of frog tissues and goose red cells at pH 7 46 (where 
dmitrophenol is practically wholly dissoaated) (Table I) 

TABLE L 


Effect of 1 2-4 Duutrophenol on Bespiiataon of TiMuet and CeUa 


Tissue 

Concentration 

of 

Hinitroplienol 

mg/L 

Oj Consumption 

Before BNJP After 

cjiua./hr p.mm./lir 

yo Increase 

Yeast 

50 

121.8 

15L6 

20 

pH = 6 64 


136 5 

156 3 

13 

T = 25° 


140 5 

1551 

9 



124 6 

157 2 

21 



137 3 

184.7 

26 



114.0 

174.5 

36 

Frog Kiduey 

5 

2L2 

37 8 

44 

pH = 7 46 


4.6 

7a 

36 

T = 30° 


120 

20 4 

41 



22 6 

34a 

34 

Frog lAver 

5 

15 6 

21 4 

27 

pH = 7 46 


15 8 

24.6 

36 

T = 30° 


24.6 

34.0 

28 



110 

128 

14 

Goose Bed Cells 

7 

73 6 

U3 5 

54 

pH = 7 46 


78a 

1120 

47 

T = 37° 


77 7 

U9 3 

54 


13 

75 8 

140 0 

85 



82 a 

140 0 

70 


The increase in cellular respiration observed after the addition of 
dmitrophenol seems not to be due to a direct oxidizing action of this 
compound on the oxidizable substrates Thus dmitrophenol did not 
oxidize lactate activated by a-hydroxy oxidase of gonococci, an oxida- 





tion readily catalyzed by reversible dyes (Barron and Hastings”) nor 
did It oxidize linseed oil, an oxidation catalyzed by hemm (Robin- 
son®) Furthermore, when cellular respiration was inhibited by the 
addition of specific inhibitors of the oxidizing enzymes, KCN and 
CO, there was no increase of respiration after addition of dimtro- 
phenol Indeed some decrease of respiration was observed upon the 
addition of dmitrophenol to cyanide-treated goose red cells These 
experiments were performed with frog kidney and liver, and goose 
red cells in the case of cyanide (0 002 M) and frog kidney and yeast 
m the case of CO (Table II) We may add that the formation of 
the potassium salt of metapurpunc acid by the action of KCN on 
aqueous solutions of dmitrophenol, occurs only in alkaline reaction 
and at 60° At 38° and pH 7 46 (the pH of our experiments) such 
a reaction does not occur 

Dimtrophenol showed no accelerating influence on oxidations pro- 
duced by gonococci As oxidizable substrates, glucose, lactate, and 
pyruvate were used (Table III) 

TABLE n. 

Effect of 1 2 i Dinitrophccol on Celia and Tissues after Inhibition of Bespixation 

by KCN an d CO 

Oj Consumption 


Tissue 


Inhibitor Before DJIJ’ After DNJ* 




c.miD /30 nun 

ojnm./30 mm. 

Frog Kidney 

KCN 

2 5 

25 

10 

31 



60 

4.9 



4.6 

41 



3.3 

26 

Prog Liver 

KON 

2.9 

73 

17 

25 



6 J. 

3 7 



64 

60 



4.0 

07 

Goose Bed Cells 

KCN 

17 9 

107 

10 8 

9 8 



31.1 

68 



20.2 

52 

Prog Kidney 

CO O 2 
(96 6 3 5) 

11 

04 

14 

04 

04 

1 1 



1.3 

09 


CO O 3 

640 

66 0 

Yeast 

(90 10 ) 

86 2 

62 3 

646 

65 0 



64.2 

85.2 

S G , and Saatings, A. B , / 
. Bobinson, M. B , Bwohem / , 1924, 

BtoJ. CTuttn , 1933 , 
255 

100 , 166 
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TABLE m 


Dmitrophenol and Oxidations Prodneed by Gouococcl 



Oa Consumption in 30 Minutes 

Substrate 

Without D NJP 

With D N J 

Glucose 

234,8 

234.8 

Lactate 

48 2 

44.0 

Pyruvate 

130 0 

919 


Conclusion Since dinitrophenol is unable to oxidize such a labile 
compound as lactate activated by a-hydroxyoxidase , is without effect 
when the respiration of celts and tissues has been inhibited by cya- 
nide or carbon monoxide, and has no action on the respiration of 
certain bacteria, where the complicated controlling mechamsms pre- 
sent m highly organized cells are absent, it is concluded that the in- 
crease in respiration produced by dinitrophenol is not due to direct 
oxidation of the oxidizable substrates It is suggested that dini- 
trophenol acts by combining with some of the substances acting as 
agents for the control of the speed of cellular oxidations, thus in- 
creasing the activity of the oxidizing enzymes 
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Effect of Histanune and Alcohol on Acid Secretion of Stomach of 
Postoperative Cases 

PAtlli H HABMON and EDATUND ANBEEWS 
From the Department of Surgery, The Vnwerstty of Chicago 

In order to stimulate the secretion of acid by the stomach of 
postoperative surgical cases, the action of histamine and alcohol was 
tested In 10 cases a Rehfuss tube was inserted through the nose 


TABLE I 
Histamine Teats 


No 

Control 

Free Total 

15 nun 

Free Total 

30 min. 

Free Total 

45 min. 
Free Total 

1 

0 

11 

12 

30 

82 

102 

73 

95 


0 

— 

30 

48 

68 

85 

55 

75 

3 

0 

— 

27 

51 

90 

112 

80 

105 

4 

0 

— 

27 

51 

90 

112 

80 

105 

5 

30 

55 

32 

54 

72 

89 

65 

87 

0 

0 

— 

0 

— 

0 

— 

0 

— 

7 

0 

— 

0 

— 

— 



60 

81 

s 

0 

— 

20 

38 

89 

104 

119 

129 

9 

0 

— 

0 

— 

0 

— 

0 

— 

10 

0 

— 

112 

134 

124 

142 

135 

155 
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Postoperative Gastric Secretion 


isiro "T? 2 to 5 hours 

> or 1 0 mg histamine given hypodermically 
The results of these tests indicate that in many cases at least the 

flow ml rf'thrio"''°" histamine The 

tent ^ ‘con- 

tent The reaction did not seem to be dependent on the type of 

operation or anesthetic as some of the minor operations faded to 
secrete while major operative cases often yielded high acid con- 
tents One of those which failed to secrete acid had very lar-e 
amounts of bile m the stomach which might have masked it but the 


Five similar tests were made with alcohol 
of the alcohol test meal was carried out, 50 cc 
being injected through the nasal tube 


The usual technique 
sauterne 15% alcohol 


table u 






Alcohol Tests 




No 

Control 

Free Total 

15 miB 

Free Total 

30 min. 

Free Total 

45 min, 
Free Total 

1 

(t 

3 

0 

0 

0 

— 

40 

0 

0 

63 

46 

0 

0 

70 

35 53 

0 _ 

4 

5 

0 

0 

— 

56 

0 

83 

110 

0 

118 

58 72 

0 


Thus while but 2 of the 5 responded at all, in these two the acid 
reached very high titres 

It IS clear, therefore, that m some cases at least the stomach of 
the usual postoperative case, in which achlorhydna is the rule is 
capable of stimulation to secrete hydrochloric aad There was 
obvious clinical benefit from the procedure None of the patients 
vomited and none were nauseated All were promptly given large 
amounts of solid food and appeared to have no discomfort The 
contrast with the usual surgical patient at this stage of his conval- 
escence was very marked 

Conclusion Histamine and alcohol have their usual action of 
stimulating gastric secretion in the postoperative surgical patient 
Their administration is clinically beneficial 
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Studies on Achobc Cachexia. V Pathological Changes 

AlEXANDEB BETJNSCEHWIG, AETHUB D BISSEliL AlfD EDMBNl) 

ANBEEW8 

From the VepartTnent of Surgery/, The Vnwerntg of Chicago 

Many observers have reported extensive pathological changes in 
the organs of animals suffering from cachexia chohpnva These 
have in general consisted of 3 processes, (1) degenerative changes 
in the liver, pancreas, heart and skeletal muscles, (2) osteoporosis, 
and (3) hepatitis, due to ascending mfection from the cannula 
Whether the first 2 types of changes are due to lack of bile m the 
system or due to ascending infection of the liver has not been clearly 
understood 

Our experience with bile fistulas made b> various methods has 
been that ascending cholangitis was nearly always present, m some 
cases being of a severe type The bile canahculi were surrounded 
by rosettes of infiltrating cells and degeneration of the lobules of the 
hver was marked However, with fistula made by the Dragstedt 
cannula, this has not occurred The liver showed no signs of infec- 
tion The bile ducts were clear, no bile thrombi were found and 
even when the fistula had persisted for 5 months there were abso- 
lutely no infiltrations of leucocytes about the bile ducts, and no 
fibrosis In these cases there was a corresponding absence of other 
signs of liver damage Central necrosis, ordmardy seen over large 
areas did not occur The cells stained clearly and contained no 
vacuoles or fat droplets Iron stains showed that a small amount 
of pigments was hemosiderin and not bile pigment This was also 
seen m the spleen but was not of a high degree Normally, the dog 
has considerable pigment deposits of this type m the spleen and liver 
Similarly, in spite of the extreme emaciation of the animals the 
other viscera were normal. The myocardium showed no waxy 
degeneration nor did the skeletal muscle The intestinal and gastric 
mucosa was normal Konjetzky gastntis was not present as has 
been reported previouslj, there being no eosinophdes in the sub- 
mucous layers The adrenals were normal, except for the total 
absence of any fat droplets, or lipoid 

Not only m the series here reported, but in an extensive former 
senes ot bile fistulas, has osteoporosis been conspicuous by its ab- 

•WoTk done in part under the Jessie Horton Koessler PeEowship of the 
Institute of Medicme 
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Studies on Acholic Cachexia VI 


sence The literature on this subject is highly contradictory Since 
Pavlov first reported osteoporosis with biliary fistulas, Looser^ has 
found It to occur also with pancreatic and intestinal fistulas Seidel' 
reports similar findings In some reports the bone absorption was 
by means of osteoclasts and in others no lacunar absorption was 
noted although porosis was present Modern views are distinctly 
against the humoral absorption of bone, the so-called halisteresis 
Klinke’ believed the bone atrophy was simply Sn accompaniment of 
general cachexia, and it is true that in most cases reported clinically 
this was extreme as in the recent paper of Wangensteen.* At any 
rate in a considerable series of fistulae we have not observed osteo- 
porosis, as estimated either by X-ray or by histological demonstra- 
tion of lacunar absorption Klinke estimates that about two-thirds 
as much calcium is lost in the bile as in the urine This loss hardly 
seems excessive More important is the recent demonstration that 
calcium may be absorbed from the intestinal tract m the absence of 
bile The obvious explanation seems to be that an infected bile 
fistula produces a marked acidosis Our dogs, not having an acid- 
osis, had no porosis 

Coitcitcston 1 In uninfected bile fistulas no degenerative changes 
m the liver occur nor does osteoporosis 
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Studies on Acholic Cachexia VI Bile Acid Factor * 

ABTHTJB D BISSEUj and EDAfOND AJ^EREwS 
From the Department of Surgerif, The VnwersMg of Chicago 


The classic studies of Whipple and his co-workers in this field 
have elucidated clearly the general problems of bile acid metabohsm 
Our work is m general confirmatory of these, but certain other fac- 
tors enter into the situation when the cachexia becomes extreme In 
no case has any mgestion of bile been permitted in our experiments 
and the analysis of the bile m the later cachetic stages brings out new 


points ^ — 

“TLooBer, TerhanSL I’ 

: Seidel, iIttncA Med. Woohsc^r , IMO, »7, -03-1 
sKliiike, JClui. Woch, 1938, 1, 385 

*Waiigenflteeu,J" i -P ii i, 

*Woxk done in part under the Jessie Horton Koessler Fellowship of the 

Institute of Medicine 
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As has been the experience of all previous workers, the total out- 
put of bile aads varies over a wide normal range. It varies not only 
with the individual dog, the diet, the fluid intake and the general 
condition of the animal, but other unknown factors evidently cause 
even wider fluctuations Careful examination of our records often 
fads to give any explanation of fluctuations amountmg to 200- 
300% In general the amounts expressed m imlligrams per kilo 
per day were considerably less than those given by Whipple He 
estimates that a normal 10 kilo dog keeps about 7-8 gm of bile 
salts per kilo in circulation, and that a fistula dog puts out 80-130 mg 
per kdo per day As can be seen from our tables our dogs put out 
but 20-40 mg per kdo per day in the earlier stages, and when the 
cachexia became extreme often excreted only a small fraction of that 


amount. 


TABLE I 


Average Daily Mg BA. for Period 


Poatoperatttva 

Dog No 958 
WHS 5 

Dog No 959 
Wt 17 6 

Dog No 940 
Wt 18 8 

Dog No 960 

Wt 17.5 

Days 

6 

223 

210 

1308 

375 

10 

327 

210 

1308 

375 

15 

398 

528 

1308 

37S 

19 

398 

432 

554 

991 

23 

184 

342 

554 

135 

27 

612 

212 

665 

135 

31 

604 

450 

914 

258 

36 

609 

466 

1237 

288 

40 

383 

713 

1375 

853 

44 

418 

339 

1137 

683 

48 

401 

2U 

646 

295 

66 

580 

393 

1208 

441 

64 

460 

422 

1096 

551 

73 

540 

422 

978 

197 

99 

622 

422 

278 

609 

114 

105 

192 

61 



130 

105 

194 

61 



150 

402 

194 

— 



167 

602 

128 

— 

— 


The relation of the condition of the dog to the amount of bile salts 
excreted is not a direct one Two of the 4 ammals here reported ex- 
creted even more freely dunng the terminal stages In our ex- 
penence the opposite has more often been true It is clear, how- 
ever, that, if a very high excretion may in some cases be maintamed 
right up to death from inanition, it is logical to assume that lack of 
bile salts in the body is not a major causative factor in the cachexia. 

Both in these and in previous experiments, it has become evident 
that diet is not the only factor in regulating the bile salt output in 
cachexia If as Whipple says the basic endogenous bile salts trom 
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tissue waste amount to 30-40 m? ner kiln rv.r j i_ 
dietary, this mechanism docs not necesLdy „ ft/Tater 

tachectic sages While in some cases the increTsrol 1 

diet may markedly increase the amounts of bile salts excreted in 
^hers (dogs No 940 and 959) the opposite ocSiS It t well 
known that a meat diet hastens the exitus of bile fistula animals and 
m nuny cases such as this the added intoxication resulting 

the^bodlT”'’” of We salts m 
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Studies on Acholic Cacheaaa. VII Effect of Viosterol * 

EDMUND ANDBBWa and ABTHUB D BISSELL. 

From the Department of Surgery, The Umvernty of Chicago 


The rapid loss of weight, anemia and other changes which 
occur in biliary fistula have recently been attributed to lack of 1?!?' 
to absorb fat-soluble vitamin. Takasu^ has postulated that lik f 
bile salts in the intestinal tract prevents absorption of ergoste^ 
the same manner that fat digestion is impaired or stopped Mu 
kamis- reports that the excretion of bile acids is quadrupled bv^' 
single cubic centimeter of irradiated ergosterol, given subcutaneous- 
ly Others have found that vitamin admuustration had a marked! 
beneficial effect on the anemia and also prevented the bone chang ^ 
Our experiences do not substantiate any of these conclusions A 
shown in a previous article, the anemia did not seem an important 
factor It was not profoimd and occurred mostly as a terminal ohe 
nomenon Also the bone changes have not occurred in animals who 
did not have an ascending hepatitis In 2 animals m whom fre- 
quent blood counts were made there was no effect from the admm 
istration of cc viosterol (250 D per cc ) In these experiments' 
the viosterol was given about the third month and the fall m the 
hemoglobin and red count was more rapid after its administration 


* Work done in part under the Joaaie Horton Koearier Pellowahip of the 
Institute of Medicine 

iTakaau, M., Deutsche Z f Chir , 1930, 2S4, 240 
s Murakamis, B., J Biol Chem , 1928, 0, 321 
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than before As to the bone changes, much emphasis has been put 
some workers on the lack of rise m blood calcium after viosterol 
admmistration to bile fistula dogs The well knoivn tolerance of the 
dog to viosterol is here overlooked Its calaum threshold is low and 
viosterol mjection even in -very large doses does not affect the 
blood calcium even of the normal dog, so it would hardly be ex- 
pected to act any better m the presence of bile fistula 



Effect of Viosterol in Bile Eistnla Dogs 
•1 short eipemnents had nosterol 250 D 1 cc. every 4 davs. 

2 long eipenments had viosterol 250 DM.cc daily from point marked X. 

Much of the previous work has been done on dogs which were 
allowed to lick their fistulae and such animals may be kept in good 
health for very long periods It this is rigidly guarded against as 
in our experiments, in quite an extensive series, the loss of weight 
has been irregular and at the rate of about 1-1 5 kilos a month. It 
IS quite clear from the accompanymg table that admimstration of 
viosterol even m ver)' large doses has no effect whatsoever on the 
progress of the cache.xia nor does it appear to save the life of any of 
the animals 

The completeness of the biliary fistula may be the cause of the 
apparent differences in our experiences from those of others It is 
quite conceivable that an animal which gets minimal but adequate 
amounts of bile by mouth (5 cc. daily accordmg to Whipple) is m 
a different condition from those having none In the former con- 
dition viosterol may exert a profound effect which is absent m the 
latter 
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Conclusion Viosterol does not exert a favorable influence on 
dogs with complete biliary fistulae 
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Influence of Variations of O, and COj Tension in Inspired Air 
Upon Hearing 

EENST GELIiHOBN and EttWlN SPIE3MAN 
From tho Department of Phytialogx/, College of Medicine, University of lOinois 


Although tests made on aviators and other observations at high 
altitudes indicate that O-Iack causes sensory disturbances, "" partiou- 
larly m vision, no systematic study seems to have been made in 
which the influence of vanous O2- and CO^-tensions was investi- 
gated in regard to sensory functions Such a study seems to be of 
particular interest since the importance of these factors for vanous 
reflexes is well known The present paper is based upon 96 audio- 
meter expenments carried out on 6 thoroughly trained subjects 
The admmistration of vanous O--, N-- and COa-air mixtures, 
which were inhaled from several large Douglas bags, was preceded 
and followed by control periods in which the threshold for a certain 
sound was determined in intervals varying behveen 1 and 4 minutes 
Long control series extending over several hours were also carried 
out m order to determine the spontaneously occurring variations in 
threshold The observation room was nearly sound proof 

In 37 experiments the influence of breathing COj-air mixtures 
('2<7-8 4%) during 5-22 minutes was studied upon the threshold 
f C 128^ C 2048'"and C 4096 cycles per second It was found 
that a distinct hearing loss occurred dunng CO3 breathing at and 
1^ 39' CO Depending on the CO3 concentration and the 

durluon of the'breathing period, the recovepr after the end of the 
m Mnod varies somewhat, but in general it was found that in 
kssXn 15 minutes the threshold was the same as before the ex- 

^^ConJlirv to expectation, similar losses m auditory acuity were 
obSmeTS 26 experiments m which the CO3 tension of the blood 
oDtameu voluntary hyperpnea which was carried 

was lower 7 threshold determined immediately after 

' Lnea oeriod during which apn ea obtamed was con siderably 
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higher and a gradual return to normal was observed during the next 
10-15 minutes 

In a third group of 33 experiments 7 5%-15 8^o Oz was inhaled 
for 8-30 minutes Here again it was found that dunng the period 
of Oj-lack a decrease m hearmg occurred The recovery period, 
after readmission of air, depended greatly upon the degree of 
Oj-lack produced dunng the experimental period If 10% or less 
O; was inhaled for 15-30 minutes a decrease in heanng persisted 
for considerable periods of time, in some cases for several hours 
Dunng this time no other symptoms were present The admimstra- 
tion of high O 2 mixtures (50-60% O 3 ) for 5-10 minutes does not 
seem to influence the course of the recovery period These obser- 
vations seem to indicate that a diminished Oj-supply for relatively 
short penods ot time produces changes in the nervous mechamsm 
involved in hearing which are only slowly reversible Further- 
more, they indicate that 0;-lack, COj-excess, and CO^-lack in- 
fluences heanng in the same fashion, although the effect of Oj-lack is 
most severe Another interesting phenomenon was observed m all 
3 groups of expenments The readmission of air leads in some 
cases to a considerable temporary improvement m heanng Our 
observations agree with those of Schubert,' who found that after 
Oa-lack upon readmission of air an improved visual discrimination is 
observed, as well as motor hyperexcitability But m our expenments 
It is shown that such a temporary supernormal phase is not a 
speafic reaction to Oj-lack but also occurs after COi-inhalation and 
voluntary hyperpnea 


7551 P 

Influence of Variations of Oj and CO, Tension m Inspired Air 
Upon After-Images. 

EEN8T GELLHOSN, lEWIN SPIESilAN iSO LESTES P M STOEM. 
Fro^m t}ie Department of PhystoJopy, College of Medicine, Vnivereity of Ulinots. 

It was our objective to study the influence ot variations of O, 
and CO- tension upon a simple and quantitatively measurable visual 
process in man. We chose the latent period of a negative after- 
image The experimental subject fixated with both eyes the center 
of a yellow square on a grey background at a distance of 60 cm 
The eyes were closed for one minute pnor to each experiment 
a Schubert, G , PfiUger’s Arch^ 1933, 231, 1. 
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Coiidimon Viosterol does not exert a favorable influence on 
dogs with complete biliary fistulae 
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Influence of Vanationa of O; and COj Tension m Inspired Air 
Upon Hearing 

EBNST GELLHOBN and iewtn spiesman 
F rom trie Department of Ptiyswlopy, College of Medicine, Vnweraity of lUinou 

Although tests made on aviators and other observations at high 
altitudes indicate that 0 :-lack causes sensory disturbances,’ particu- 
larly in vision, no systematic study seems to have been made m 
which the influence of vanous O 2 - and COj-tensions was investi- 
gated m regard to sensory functions Such a study seems to be of 
particular interest since the importance of these factors for various 
reflexes is well known The present paper is based upon 96 audio- 
meter expenments earned out on 6 thoroughly trained subjects 
The administration of various O5-, N 3 - and COj-air mixtures, 
which were inhaled from several large Douglas bags, was preceded 
and followed by control periods m which the threshold for a certain 
sound was determined in intervals varying between 1 and 4 minutes 
Long control series extending over several hours were also carried 
out in order to determine the spontaneously occurring variations in 
threshold The observation room was nearly sound proof 

In 37 expenments the influence of breathing CO^-air mixtures 
('29' -8 4 %) during 5-22 minutes was studied upon the threshold 
f C 128 C 2048, and C 4096 cycles per second It was found 
*at a distinct hearing loss occurred durmg CO. breathing at and 
1 ^ 39" CO Depending on the CO. concentration and the 

durILn of the'breathing period, the recovep^ after the end of the 
m uenod vanes somewhat, but m general it was found that in 
kss\han 15 minutes the threshold was the same as before the ex- 

^"con?ary to expectation, similar losses m auditory acuity were 

obtamS m 26 exFnments m which the CO. tension of the blood 
ontameu r voluntary hyperpnea which was earned 

was lowe threshold determmed immediately after 

She h^erpnea oe nod during which apnea obtamed was considerably 
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Carbohydrate-Fibnnolytic Linkage in Streptococcus bemolyticus,* 

B. B. itABISOlf (Introduced by 17 H. Manwarmg ) 

From iJia Seportmmt of Bacienologi/ and Bxpmmcntol FathoXogg, Stanford 

VnitertUg, Cahfomia. 

The discovery by Lancefield* of a human-diagnostic “carbohj- 
drate” fraction m certain pathogemc strains of Streptococcus liemo- 
lyticus, and TiUett and Gamer’s' demonstration of a specific 
fibnnolytic function m similar streptococci, suggests a possible gen- 
etic linkage between these 2 hereditary (or acqmred) specific bac- 
terial characters To test this possibility, 189 strains of hemolytic 
streptococci previously titrated for then fibnnolytic function* have 

TABLE L 

I-ancefield Humau-diaguosUe Carbohydrate Titer of Fibnnolytic Streptococci 
The enltures are nouped mlth reference to their quantitative fibnnolytio fune- 
boa. Specific carbohydrate btrationa were made by the Lancefleld technic (a) 
Bmg teat, 30 minutes, 37 5° C , (b) Dilubon test, 18 hours, ice cheat 



Specific fibnuolvtie bter 

Human-diagnostic carbohvdrate titer 

No 

of strains tested Lybc tiur 

Eing test (30 miu.) 

Ddutaon test (IS hr y 

A. 

S htmolifticus of clinical origin 

1 -r-r-T— 

+ -r-r- 

-T--J p 


17 

-ri — 

T r 


12 -r 

— r-r- 

_j 


15 *r~ 

— r~r 

-r-ri — 


o 

— 




100 0 

0 

— 21 


4 0 

0 

0 

B 

S hemoiytiais of veterinary origin 



3 T 

0 

— 


38 0 

0 

0 

C 

S nndaita of clinical origin 

33 0 

0 

0 


* Work supported in part by CWA, in part by the Bockefeller Fluid Beaearch 
Fund of Stanford Eniveraity School of Medicine 
1 Lancefleld, B. J" Exp iled^ 1933, 57, 571 
- TiUett, W S , and Gamer, B. L., J Exp iied^ 1933, 68, 485 
j Madison, B. B., Peckx Soc. Exf Bzou xso Huk, 1934, 31, lOlS 
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After a fixation time of 10 seconds the eyes were closed and a stop 
watch started When the negative after-image appeared the watch 
was stopped Control experiments showed that after a period ot 
training the latent periods were very constant if the intervals be- 
tween the individual experiments were at least 10 minutes Fifty- 
five experiments were performed with 5 subjects In the first group 
the influence of O- lack was studied by allowing the experimental 
subject to breathe various air-mtrogen mixtures from 7 to 30 min- 
utes The O- concentration varied between 9 2 % and 16 0% 
Whereas a reduction of the O, concentration to 13% was without 
influence on the latent period of negative after-images, very con- 
siderable changes occurred after breathing 9-11% for various 
times (7-27 minutes) The latent period was either considerably 
lengthened or became infinite since the after-image disappeared 
In those experiments in which a negative atter-image appeared, the 
subject noticed a decrease in its intensity In some cases the latent 
period of the after-image remained lengthened even 10 minutes after 
the end of the breathing period The subsequent experiments showed 
approximately the same latent periods as before the Oj-lack experi- 
ment 

Similar experiments were carried out m order to study the in- 
fluence of CO; They showed that CO; is without effect upon the 
latent period of negative after-images when breathed m concen- 
trations of 2-2 5% for as long as 26 minutes The threshold con- 
centration seems to be about 3-3 5% A distinct increase in the 
latent period is obsenxd in experiments with 4-7 % CO; which was 
breathed for a period of 4-20 minutes The effects were reversible 
A final series of experiments was carried out in order to study 
the influence of a reduction in the CO; tension upon sensory func- 
tion The subjects breathed with the rhythm of a metronome 
(between 64 and 90 per minute) for periods of 3-6 minutes Im- 
mediately afterwards the after-images were investigated and showed 
regularly an increase in latent period 

The observations show conclusively that O- lack, CO; excess, and 
CO; lack have the same end effect on the sensory mechanism involved 
in the production of after-images An interpretation of our ex- 
perimental data in regard to the site ot action will be postponed 
until more material on other sensory functions is available but it may 
be said that the effects are not due to circulatory disturbances The 
blood pressure was either unchanged or varied only a few milli- 
meters, whereas much greater alterations m blood pressure induced 
by physical exercise were without influence upon the latent period 
of after-images 
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Carbohydrate-Fibnnolytic Linkage m Streptococcus hemolyticus * 


E. E. MADISON (Introduced by W H. Man-wanng ) 

From the Oepartmmt of Bacteriology and Expenmeniai Pathology, Stanford 

University, California. 


The discovery by Lancefield^ of a human-diagnostic "carbohy- 
drate” fraction in certain pathogemc strains of Streptococcus Jiemo- 
lyticus, and Tillett and Gamer’s’ demonstration of a specific 
fibnnol 3 rtic function m similar streptococci, suggests a possible gen- 
etic linkage between these 2 hereditary (or acquired) specific bac- 
terial characters To test this possibility, 189 strains of hemoljtic 
streptococci previously titrated for their fibrinolytic function® have 

TABLE L 

Lancefleld Human diagnoshc Carbohydrate Titer of Pibnnolytie Streptococci 
The cultures are grouped wilth reference to their quantitative fibrinolytic fnac- 
tiou- Specifie carbohydrate titrations were made by the Laneefield technic (a) 
Bing test, 30 nunntes, 37 5° C , (b) Dilution test, 18 hours, ice chest. 



Specific fibrinolytic titer 

Human diagnostic carbohydrate titer 

No 

of strams tested 

Lytic titer Bing test (30 mm.) 

Dilution test (IS hi 

A. 

S hemolyticus of clinical origin 




1 

+-t + + 


+++ + 


17 

+ + -H- 

+ -t+ 

-h + T-i- 


12 

+ -^ + 


-l--r + + 


15 

+ + 

-T + + 

+ -r + + 


2 

+ 

+ + 

+ + -r 


100 

0 

0 



4 

0 

0 

0 

B 

S hemolyticus of veterinary origin 




3 

+ 

0 

-T 


38 

0 

0 

0 

C 

S uindans of clinical origin 




33 

0 

0 

0 


•■Work supported in part by CWA, in part by the Kockefeller Fluid Eesearch 
Fund of Stanford UniverMty School of Medicine 
1 Lancefleld, B. G , J Exp lied , 1933, 67, 571 
- TiUett, W 8 , and Gamer, B. L., / Exp Med., 1933, 68, 485 
3 Madison, R R, Paoc. Soc Exp Biol, ank Med , 1934, 31, 1018 
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Types of Fibrinolytic Streptococci 


been retitrated for their specific carbohydrate fraction by the 
Lancefield technic Control tests were run with 2 human (C203 
and K 96) and 2 vetennary (P 454 and K 158 E) strains kindly 
furnished by Dr Lancefield The results of these titrations are 
summarized in Table I 

Within the lunits of the experimental error, there is an exact 
correlation between the Tillett-Gamer specific fibrinolytic titer of 
S' heviolyticiis and their Lancefield human-diagnostic carbohydrate 
titer by the ring test 
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Immunological Types of Fibrinolytic Streptococci * 

J K. VAN DEVENTER (Intioducad by W H. Maawaring ) 

From the Laloixttory of Bactenology and Experimental Pathology, Stanford 
University, Caltfomia. 


In order to test the possibility of there being more than one im- 
munological type of fibnnolytic streptococci, 40 local strains of 
Streptococais hemolytiais were titrated against vanous specimens 
of normal and immune human plasma-clot To make these titrations 
parallel Tillett-Gamer tests* were run with 1 1, 1 2, 1 4, 1 8, and 
1 16 dilutions of 24-hour broth filtrates of the strains in question 
The maximum diluUon giving distinct fibrinolysis by the end of 24 
hours was recorded as approximate lytic titer for a given blood 
sample A preliminary series of duplicate tests showed that the 
experimental error in such titrations is not greater than one dilution 
either way from the recorded titer 

Data from 2 typical titrations are recorded in Table I The 2 
immune plasmas here recorded were drawn from convalescent cases, 
one of 90 days’, the other of 12 months' duration 

Adopting the plasma-clot Van as the arbitrary standard, the table 
shows a normal range of fibrinolytic susceptibility of human blood 
varying from 4 times to 0 6 of the arbitrary standard 

There is apparently but one fibrinolytic type among the 40 strep- 
tococcus strains tested The immune plasmas are consistently re- 


r^ork Bupported m part by the EockfifeUer Flmd Be«eareh Fund of Stan 

TTnWftTHltT School ot McdiCiDO* 

1 SLtt w a, and Gamer, E. L , / Hed., 1933, 58, 486 VonDeyenter, 
BL and Eeich, T , Pboo. Soo Exp Bion. xtro Med , 1934, 31, 821 Madiaon, 

^ ^ -.-1 y X -in9.< ftl 1018 


J K., . 

B- B t IhW-, 1934, 81, 1018 
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TABLE L 

Pibrmolytic titratiott of S hemolyttcus. 

The table records the highest dilution of the 24-hour Chamberland filtrate giving 


distmct fibnoolyais 


Strain 

No 

Fibrinolytic titer ■with 
normal plasma-clota 


Immune plasma 
clots 

Each. 

Ben 

Van. 

Con. 

Sun. 

135 

16 

8 

2 

0 

0 

10 

8 

4 

4 

1 

0 

28 

8 

4 

4 

0 

0 

95 

8 

4 

1 

0 

0 

93 

4 

2 

1 

0 

0 

46 

4 

4 

0 

0 

0 

168 

1 

0 

0 

0 

0 

176 

1 

0 

0 

0 

0 

41 

0 

0 

0 

0 

0 

Average titer 

55 

3 

L3 

01 

0 

Eelative Busceptibihty 

4 

23 

(1) 

OA 

0 



Fibrinolytic titer with normal 


Immune 



plasma clots 


plasma 

Strain 





clot 





No 

MueL 

Van. 

Mad. 

TilL 

Sun. 

30 

16* 

16* 

16* 

16 

0 

3 

16* 

16* 

16 

4 

0 

91 

8 

2 

1 

1 

0 

22 

8 

2 

1 

0 

0 

4 

4 

4 

1 

1 

0 

61 

4 

2 

1 

1 

0 

94 

1 

0 

0 

0 

0 

15 

0 

0 

0 

0 

0 

Average titer 

7 

5 

45 

3 

0 

HelaUve susceptibility 

L4 

(1) 

09 

06 

0 


•Dilutions above 1 16 not tested. 


sistant to all strains Within the hmits of the experimental error 
(one dilution, plus or minus) all normal plasmas are consistently 
susceptible 
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Intranuclear Inclusions in Brain of Chick Embryo after Inoculation 
of Egg -with Virus of Elquine Encephalomyehtis. 

W P COVELL (Introduced by K. E Meyer ) 

From the George ITiltMiijvs Hooper Foundation, Umvernty of Califomia, San 

Francuco, Cal. 

Recently mtranuclear inclusions have been descnbed by Hurst* in 
the nerve cells of ammals suffering from equme encephalomyelitis 

1 Hurst, E, 17 , / Exp Med., 1934, B9, S29 ~~ 
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Types of Fibrinolytic Streptococci 


^en retitrated for their speafic carbohydrate fraction by the 
Lancefield technic Control tests were run with 2 human (C203 
and K 96) and 2 veterinary (P 454 and K 158 E) strains kindly 
furnished by Dr Lancefield The results of these titrations are 
summarized m Table I 

Within the limits of the experimental error, there is an exact 
correlation betiveen the Tillett-Gamer specific fibrinolytic titer of 
S' hemolytmis and their Lancefield human-diagnostic carbohydrate 
titer by the ring test 
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Immunological Types of Fibnnolytic Streptococci.* 

J K, VAN BEVENTEB. (Introdnced by W H. Manwaruig ) 

Ji'rom the Laboratory of Sactenology and Experimental Pathology, Stanford 
Vnivernty, Calif orma. 

In order to test the possibility of there being more than one un- 
munological type of fibnnolytic streptococci, 40 local strains of 
Streptococais hemolyticus were titrated against vanous specimens 
of normal and immune human plasma-clot To make these titrations 
parallel Tillett-Gamer tests* were run with 1 1, 1 2, 1 4, 1 8, and 
1 16 dilutions of 24-hour broth filtrates of the strains in question 
The maximum dilution giving distinct fibrinolysis by the end of 24 
hours was recorded as approximate lytic titer for a given blood 
sample A preliminary series of duplicate tests showed that the 
experimental error in such titrations is not greater than one dilution 
either way from the recorded titer 

Data from 2 typical titrations are recorded in Table I The 2 
immune plasmas here recorded were drawn from convalescent cases, 
one of 90 days’, the other of 12 months' duration 

Adoptmg the plasma-clot Van as the arbitrary standard, the table 
shows a normal range of fibnnolytic susceptibility of human blood 
varying from 4 times to 0 6 of the arbitrary standard 

There is apparently but one fibnnolytic type among the 40 strep- 
tococcus strains tested The immune plasmas are consistently re- 

♦Work Bupported in part by the Bockefeller Plmd Eeaeaich Fund of Stan 
ford University School of Medicine 

1 TiUett, "W 3., and Gamer, E. L., / E®? Med., 1933, 58, 485 VanDeventer, 

J K , and Bexch, T , Paoa Soc Exp Biol axd Med., 1934, 31, 82L Madison, 

E. B.,’ Ihfd., 1931. 31. 3018 
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tune than did the California strain. Inclusion bodies in the em- 
bryonic nerve cells were more numerous m the various regions of 
the brain with the former virus No defimte regions of the brain 
contained greater numbers of mclusions except larger nerve cells 
were more disposed to their formation. No intranuclear inclusion 
bodies were found m the embryonic nerve cells of the spinal cord 
They made their first appearance after the ninth hour and were 
abundant in 18 to 24 hours It is of mterest m this regard to note 
that Higbie and Howitt found the virus to be present m the brain 
of the chick embryo in 9 hours and thereafter 

The inclusions are rounded acidophilic masses usually located 
nearer the periphery of the nucleus They are vanable m size, rang- 
mg from tiny bodies surrounded by an halo and occupying only a 
small part of the nucleus, to those which appear to make up one- 
fourth to one-third of the nuclear volume Usually there is one 
mclusion body to a nucleus but more than one is by no means rare , 
they seldom exceed 2 m a single nucleus There are m addition to 
mclusion bodies certain necrotic nerve cells which stain deeply with 
phloxine and bear a resemblance to nerve cells found in acute poho- 
myelitis The nucleus of such a ceil is shrunken, the marginated 
chromatin no longer stains blue and intranuclear inclusions may be 
present 

To determme if similar bodies appeared after inoculation of cer- 
tain other neurotropic viruses mto the 10-day mcubated egg Boma 
disease and poliomyelitis viruses were utilized Embryos and mem- 
branes were taken from a series of eggs every 6 hours over a period 
of 12-72 hours following moculation of the eggs with the virus In 
no instance were intranuclear mclusion bodies of the type found m 
the nerve cells of embryos infected with eqmne encephalomyelitis ap- 
parent in the brams of the embryos mfected with Borna isease or 
poliomyelitis The mclusions described by Hurst are similar in 
appearance to those in the embryomc nerve cells of the developmg 
chick. The most obvious difference between the two is the 
relatively larger size of the inclusions in the embryomc nerve cells 
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These bear a dose resemblance to those occurrino- m Rnm a 
and m poliomyelitis It becomes of interest to reoort ^'sease 
mdusions in the brain of the chick embrvo ^ ^ finding of 

'‘"t'T 'f '"“Phalomyltr" 

The procedure of inoculation of the develooin<^ chicks 
branes has been adequately described by Higbie and Howu? 
as a study of the propagation and neutrdizron of ' 

Material obtained from this experimental work was fixed either in 
Zenker s flmd or m saturated corrosive sublimate contaimncr 5% 
glacial acetic acid The 2 to 5 micra sections of the membrane aiM 
^bryos were stained with Giemsa or phloxine-methylene blS Two 
senes of sectioned embryos and membranes representing 3-hour 
intervals over a period of 24 hours were available for stud> The 

New Jersey strain of virus and the California strain being repre! 
sented in each of one senes ° ” 

A noticeable edema of the chono-allantoic membrane appeared in 
3 to 6 hours following inoculation of the 10 to 12-day incubated egg 
Normal horse serum was found to provoke a similar reaction but to 
l«s degree while physiological saline failed to produce an edema of 
the membranes The swelling and gelatinous appearance of the 
m^branes onto which the virus had previously been dropped rao- 
idly increased and by 18 to 21 hours there was a collapse of many of 
the vessels and slight patchy streaking of the membranes No defi 
nitely circumscribed areas of infection such as occur when heroes' 
simplex IS cultivated on the chorio-allantoic membrane (Dawson^ 
are seen ^ 


Microscopically the membranes first show a thickening of the 
mesothehal layer and this subsequently becomes more prominent 
There is no increase m the numbers of cells in this layer but the 
intercellular spaces are greater In 9 hours there is a tendency tow- 
ards ectodermal proliferation and slight inflammatorv reaction This 
process is more or less generalized, different areas revealing these 
reactions in varying degrees In later stages a necrosis of the 
ectodermal layer with breaking up of the nuclear chromatin into ir- 
regular shaped blocks, ballooning ot nuclei and necrosis of cvto 
plasm results No intranuclear inclusion bodies are to be found 
the cells of the membranes 

The brain of the embryomc chick is markedly softened, edematous 
and congested with prolonged cultivation of the virus The New 
Jersej strain of the virus caused these changes in a shorter period of 


3 Higbie, E., and Howitt, B K , in manuacript. 
» DawBon, J H., Am. J Path , 1933, 9, L 
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the number of cells or the quantity of protoplasm of the control 
tubes 



Fio I 

CompanBOii of lag and log phases of yeast growth from idenboal seedings All 
tubes contain 6% glucose and 10% yeast autolysate made up m 0 2 M phosphate 
buffer, pH 6 8 Concentration of free acid alpha DNP is 0 lu tube 1, 1 795x10-® 
molar m 2, 2 87x10-® molar in 3 

Testmg the yeast grown in this manner m the Warburg res- 
pirometers we found that the alpha-DNP optimum for respiration 
has been shifted m each case to a lower value This can probably 
be explained by residual alpha-DNP in the cells m spite of the re- 
peated washings 

A striking effect, perhaps due to acclimatization or selection of 
yeast cells, or both (compare Fulmer") is the greatly increased 
respiratory rate per 10" cells observed with yeast grown m tubes 
containing alpha-DNP This may reach 300% of the control level 

Further work is m progress 


0 Fulmer, E L, J Physical Chem , 1921, 25, 455 
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Inhibition of Yeast Growth by 2-4 Dinitiophenol * 

A. W MABTIN ANB J FIELD IL 
From the Department of Phystology, Stanfori Universtiy 


The tindissociated acid form of 2-4 dimtrophenol (alpha-DNP) 
has been shown by Field, Martin and Field’ “ to stimulate both the 
rate of oxygen consumption and of fermentation by yeast 

Is this heightened metabolic level reflected m an mcrease m the 
growth rate? To test this we have grown yeast in the L-shaped 
rocker tubes designed by Fraser, rocking 42 times per minute 
through an angle of 50*’, in a water bath with temperature mam- 
tamed at 25° C The medium used was yeast autolysate* m 
0 2 M phosphate buffer at pH 68 The solution contamed 2% to 
glucose Adequate precautions were taken to prevent contaram- 
ation during inoculation and samplmg, and our pure strain’’ ’ of 
Saccharomyces cerevistae, race F, was used Under these conditions 
there was little or no change m pH over a penod of 4 days Use of 
such yeast, tubes and media gave good checks (within 5%) m the 
control tubes 

The concentration of the sodium salt of alpha-DNP which gave 
maximum stimulation of respiration at pH 6 8 was 400 mg per 
liter or 1 785x10"’ molar’-’ This gives a concentration of 2 87x 
lO"* molar for the free acid form Instead of a stimulation of 
growth a marked inhibition occurred with this dosage, there was an 
mcrease m duration of the lag and log phase (nomenclature of 
Buchanan’) and a decrease in the total population attained, as shown 
m Fig 1 All of the free acid concentrations tned by us, rangmg 
from 7 18x10^ to 7 18x10-* molar, had a more or less inhibitory 


effect on growth . , .u tt 

Hopkins tube readings agreed with the ceU comte m showmg 

that at no penod did the tubes containmg alpha-DNP attain either 


• Supported m part bj- a grant from the EockefeUer Flnid Kesearch Pand of 

the Stanford Umversity School of Medicine o 

1 Field, J H, Martin, A W , and Field, B M , Paoc Soc Esa> Bwl. and 


^c’h^eld,’rnVrtm, A W, and Field. S M., J GeU and Comp Phy>u,l., 

3 Fraser C Q , J Physical Chem , 1921, 2®, I 
. ^ Jansen, S , ‘'The Lacbc Acrd Bacterra,” Copenhagen, 1919 

- Buchanan, B E,J Infect Dts, 1918, S3, 109 
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anatomical lesions were slight but the histologic examination re- 
vealed very extensive and pronounced degenerations with inflam- 
matory alterations m the central and peripheral nervous system 

(2) A virus obtained from a fatal infection m Utah and the 
Argentine virus infect by the intracerebral route only Filtrates 
injected intravenously or suspensions admimstered mtracutaneously 
fail to mate the disease 

(3) Thirty horses injected subcutaneously with 5 cc of a 20% 
suspension of California guinea pig passage virus had slight febrile 
reactions Subsequently they tolerated large doses of Western virus 

(4) Of 3 horses previously hyperimmunized for 2 years with 
California, Nevada and South Dakota virus and injected intracere- 
brally with Delaware and New Jersey virus 2 reacted severely and 
were sacrificed for humane reasons One horse had a sharp febrile 
reaction and transitory symptoms of encephalitis but recovered It 
had been previously recognized that the intracerebral mode of m- 
fection IS an exceedingly drastic method to determine the immunity 
of horses against encephalitis (Meyer, Haring and Howitt, Records 
and Vawter), and doubtless not well suited for cross-immumty 
tests 

(5) Twelve horses highly hyperimmunized for several months 
with Western viruses yielding a serum with antiviral substances 
injected mtracutaneously with 1 or 2 cc and subsequently with 4 cc 
of a 20% suspension of Eastern virus survived Several of the 
ammals had slight transitory febrile reactions (39 to 40° C ) 
Four control horses injected simultaneously by the same route 
developed typical encephalomyelitis, and either succumbed to the 
disease or were sacrificed 

(6) Two horses hyperimmune to the Western virus and in- 
jected mtracerebrally with Argentine virus showed no signs of ill- 
ness The control horse developed encephalitis and finally suc- 
cumbed During the febrile reaction the virus was demonstrated 
for from 12 to 60 hours in the blood serum Simultaneously, 
horses hyperimmune to the California and Nevada virus were 
tested mtracerebrally with the Utah virus They failed to react 

(7) One horse, which had survived an intracerebral injection of 
Argentine virus, tolerated the intracutaneous injection of the 
Eastern virus (4 cc ) 

(S) Two horses injected at weekly interv^als with Eastern virus 
(1, 2 and 5 cc of a 20% virus suspension) failed to react to an 
intracerebral injection (5 cc ) of a potent California virus, which 
fatally infected (with 2 cc) a normal animal 
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Suscepbbility of Non-Immune, Hyperumnunized Horses cind Goats 
to Eastern, Western and Argentine Virus of Elquine 
Encephalomyelitis 


K. P MEYEB, P WOOD, C M HABING and B HOWITT 

From the Cutter Laboratory, the Oeorge Williams ffooper Foundation, and the 
Division of Veterinary Science, University of California, BerXeley and 
San Francisco, California 


Through the studies of TenBroeck and MernlP and Giltner and 
Shahan" it is known that the Eastern viruses of equine encephalitis 
isolated during the epidemic of 1933 are serologically distinct from 
those responsible for the disease in California, Nevada, Colorado, 
Utah and South Dakota RosenbusclP studied a similar if not identi- 
cal malady m Vrgentme He found the South American virus 
immunologically identical with the California virus A comparative 
stud} of the 3 viruses, on horses, suggested itself The senior author 
IS familiar with the clinical and pathological findings observed m 
horses during the 1912 epidemic in Delaware and dunng the out- 
breaks in California (1930 to 1933), Colorado and Texas The 
results of these studies may be summarized as follows 

(1) Two Eastern viruses (Delaware isolated from a brain sent 
to California in glycerine, New Jersey courteously furnished by 
Dr Carl TenBroeck) infected horses when injected mtracerebrally, 
intravenously (filtrates) and intracutaneously In one series 1 cc 
of a 20% suspension of guinea pig passage virus fatally infected 4 
of 14 horses injected intracutaneously on the neck (distribution of 
cervical nerves) The clinical picture ( fever, stupor and motor dis- 
turbances) differed m no way from that recorded in the many 
horses infected with the Western virus, altliough the course of the 
disease was greatly accelerated Several animals died m from 62 
to 163 hours after the administration of the virus or they were 
unable to rise between the 80th and 96th hour and were conse- 
quently sacrificed Irrespective of the mode of infection, the virus 
was demonstrable in the blood serum from the 12th to 65th hours 
The spinal fluid was invariably increased and turbid with a cell 
coimt of from 600 to 25 000 cells (5 to 20% granulocytes) and a 
pn^uwp Rivolta test and occasional web formation The gross 
— AND tto, 1933, 81, 217 

3 OiltTifir and Shahan, Science, 1933, 78, 587 

s^Tenbvsch, Ancles d I Sociedad Sural Argentina, 1934, and personal com 
mnnieation to senior author 
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^ relationship between 

the Western and Argentine virus not only with resnect tr, mW, 

ity but also with regard to cross protection By contrast the 
Eastern virus of 1933 evhibits a greater virulence and thus mai 
break immunity established against the Western virus On the 
^er hand, the ^stem virus apparently protects againit the 
Western virus Further, these experiments lend considerable sun- 
port to the conception of an insect transmission of the encephalitis 
virus as demonstrated by Kelser The Eastern virus infects rtd! 

ily by the cutaneous route and the infective agent circulates for 
many hours in the blood of the horse ^ culates for 
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Propagation of Virus of Equine Encephalomyelitis after Inrrc i 
Instillation in the Gmnea P,g " Intranasal 

B F HOWITT (Introduced by K F Meyer ) 

From th« George WiUuims Hooper Foundation, Vniversrtg of Cotv/omi®. 

FranoJjco, California 

In an attempt to determine whether or not the virus of 
encephalomyelitis reported by Meyer, Haring and Howitp smrads 
by way of an initial blood stream invasion and secondary penetra 
tion of the meningo-choroid plexus or by axonal propagation as -n 
poliomyelitis,^ the distribution of the infective agent in the tissues 
of guinea pigs following the intranasal instillation of the virus was 
studied 

Several series of small guinea pigs were each given 2 cc of 
20% saline suspension of California virus dropped into the nares 
Three animals were killed by bleeding from the heart at each of the 
different periods of time as shown in Table I No blood was 
moved at the twelfth hour, however The tissues were removefl 

1 Meyor, K F , Haring, 0 M,, and Howitt, B , Science, 1931, 74 337 

» Faber, H K , and Qebbardt, L. P , J Bxp Med , 1933, 57, 933 
3 Flemer, S , Science, 1933, 77, 413 
* Brodie, M., and Elvidge, A B., Science, 1934, 7&, 236 
» Schulia, E W, and Gebhardt, L P, Paoa Soo Eip Bion. akd Med, 1934 
31, 723 ’ ' 
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Expenmental Studies on Trypemosoma cruzi in California 

PAE DONAT WOOD (Introdnced by 0 A. Kofoid.) 

From the Zoology Department and Hooper Foundatum, University of California, 

The reduviid, Tnatoma protracta Uhler, was reported to be a 
earner of Trypanosoma cruat Chagas, the haematozoon causing 
American human trypanosomiasis ' Exammations have revealed that 
the feces of 40 out of 73, or 54%, of a group of Tnatoma from 
San Diego County were infected with T cruzt Tnatoma from the 
vicmities of Berkeley and Los Angeles have not shown trypano- 
somes in their digestive tracts 

The San Diego wood rat has been mcnminated as a reservoir 
host of T crust Of 43 rats examined only one was infected This 
was a light infection and was detected by examination of centn- 
fuged, citrated heart blood The trypanosome infecting this rat was 
identical in morphology and behavior with that found in animals 
mfected experimentally from T natoma feces, and also with a known 
strain of T crust from Professor Brumpt’s Pans laboratory 
The southern parasitic mouse, the San Diego desert mouse, 
and the Virgmia opossum, all associated with San Diego wood rats 
in nature, are more susceptible to the mfection in the laboratory 
than the rats themselves, so it is possible that they, too, may be 
natural earners of this trypanosome 

Portola wood rats, from Berkeley, harbor a trypanosome of the 
“lewisi” type which should not be confused with T crust 

One hundred thirty-four ammals, including 16 species, have been 
inoculated with the Califorma strain of T crust The following 
list gives the species and number of ammals inoculated, the num- 
ber in parenthesis indicating how many ammals became infected 
53 (30) albino Norway rats, 23 (7) albino mice, 2(1) puppies, 
2(1) Virginia opossums, 4 (3) rhesus monkeys, 12 (7) San Diego 
wood rats, 3(1) Portola wood rats, 5 species of white-footed mice 
[4 (4) parasitic, 9 (8) southern parasitic, 3 (3) San Diego desert, 
5 (1) Gambel, 3 (1) Gilbert], 2 (0) rabbits, 6 (0) guinea pigs, 
3 (0) kittens, and 1 (0) desert antelope ground squirrel 

Infection has been produced by the following methods of inocu- 
lation infective Tnatoma feces intrapentoneally, subcutaneously, 
intramuscularly, in the eyes, mouth, or on scarified skin, citrated 


Kofoid, C A., aad Donat, P , Psoa 8oc Eip Biol, and Mkd., 1933, 30, 489 
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era, ponea P.gs^.er" ,o 

The results as Jv^TrahTf f ^^«ease 

invasion of the blood stream for ^mediate and earlier 

viously reported^ for guinea pigs The wuTwS^ 
ent m the serum after the eighth hour aT Pr«- 

covered from the nasal mucfa Its consiTtet’^'^ 
sue, however, may have been due to the amount of bloo^ 
obteined from this region It was then recovc ed fmm T 

and salivary glands, the olfactory bulbs and 
^e cerebral nerve tissues beginning with the hind brain ^Aft ^TlT 
36th hour, coincident with the rise m temperatlr/h. 
constantly present m all of the tissues exj^med e^ceJ^' 
disappearance from the blood after defervescence’ and Se 
quent prostration of the animal ° 

To further corroborate the evidence just given of th. 
invasion of the blood stream rather than the nerve tissue/”™^ 
penment similar to that descnbed by Brodie^ and hvT; 77" 

GRbhardf for pohomyeht.s „„„4, was period t ' 

pigs The olfactory bulbs were removed surgically from a 
pigs under anesthesia After one week they, together with 4 
animals were given 2 cc. of virus intranasally All 8 m 
succumbed to the disease with typical symptoms To sh^”"t7*7P 
virus had not been absorbed through the digesbve tract 
animals were fed 2 cc. each of the same virus by cathet7 . 
stomach Neither of them developed the disease " " 

From the evidence obtained it would seem that the virus of 
encephalomyelitis when given intranasally, gams entrance r> 
mto the blood stream, presumably through the vascular nasal ^ 
and that there is a systemic septicemic invasion before 10031 ™'^'^^" 
in the nerve tissue A more detailed report of this studv 
given later ^ 


« Howitt, B IP, J Infect Du., 1932, 81, 493 
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Inhibition by Glucose of Metheraoglobm Formation 

irATIi:j)A ilOI/DENHATJEB BBOOKS 
From the Department of Zoology, Unwerstty of Coltfomta, Berleley 

The purpose of these experiments is to show that injection of 
glucose prevents the formation of methemoglobin in animals, or 
if methemoglobin is already present, it can by the same means be 
reduced to hemoglobin which is then readily oxygenated to oxy- 
hemoglobin 

Methemoglobin was produced experimentally in rabbits by in- 
jections of 0 15 gm of NaNOi for every kg of body weight This 
dose converted 15% of the blood-hemoglobin into methemoglobin 
in a few minutes This is less than the theoretical effect predicted 
by Wendel' for this dose, owing no doubt to the constant presence 
of glucose normally in the blood stream Glucose was used in 
amounts of 1 cc to 2 cc of a 1% solution for every kg body weight. 
All solutions were made up fresh with 0 9% NaQ and injected in- 
travenously into one ear of the rabbit, blood samples were taken 
from the other ear at intervals thereafter 
The spectrophotometnc method was used for determining the 
proportions of methemoglobin in blood This method is sensitive to 
less than 2% The ratio, R, of the extinction coefficient at A ~ 540 
mp to that at A = 560 my, as found by Ray, Blair and Thomas* 
indicates the per cent of methemoglobin present All blood samples 
were diluted to 1% with 04% NHiOH No difference in readings 
was noted when water was used as a diluent The thickness of the 
layer measured was 1 cm Five animals were used in each group 
The probable error of the readings was a fraction of 1% The 
method is also valuable because determinations can be made so 
quickly that chemical changes following collection are minimized 
Results m mvo Methemoglobin was produced m the rabbit as 
indicated above, the R value found being 1 56 which indicates 15% 
conversion to methemoglobin Glucose was then injected Five 
minutes later the R value was 1 66 which indicates complete recon- 
\ersion of methemoglobin to oxyhemoglobin The controls which 
had not received glucose still showed 15% methemoglobin present 
If glucose IS injected before the nitrite, no methemogiobm can be 
demonstrated even after several hours Injections of sahne in the 

1 Bay, G B , Blair, H. A., and Thomas, C. L, J B C , 1932, 98, 63 
= Wandel, W B , J Jm. lied Asan^ 1933, 100, 1054. 
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Expekimental Studies on Trypanosoma cruzi 


and c„l- 

an?”r/r xt™ ” 'r” -™» 

composed of mBItratms lymphocytes, monocX “nTlsJ^'T 

were seen m cardiac and voluntary muscle. re^K ’ ^ ^ ^ 

Some cases have shown fa„y 

The parasites, both m the blood and m the tissues W k. 
scarce in most cases The only animal to Jo ’ ^ 
namely retarded growth and the temporal^ parats7s oTLT?r'’ 
was the southern parasitic mouse In n7c!L Z ? Innd legs, 

Attempts were made to intensify the infection h ^ 
host’s resistance by splenectomy, by mjection o^ t^de eTart ""d 
by keeping the ammals at a higher temperature “^act. and 

Previously* splenectomy seemed to stimulate ^ 

T c«.-, latent mfecttons Further of 

number of animals indicate that splenectmny has no' ^ ? ff®*’ 

Eight (57%) out of 14 splenectomLd.^ d ^2 ( 6%) M S 

non-splenectomized, albino rats became infected aftZ ^ ^ ^ 

The dtiference of_I% can hardly be 
Duran-Reynals- reported that injection of testicle evtrr. * 
creased the mvasiveness of a neurovirus m rabbit. V ^ 
mtae that testicle extract has no such stimulating .SeTjPnT 

Six albino mice placed in an incubator at 34 to 36° r yi 
take heavier infections than controls kept at room temperatuJ 
Successive passages through different host species V 

rat, San Diego wood rat, albino rat), covenng a penocfof^fm^ 
indicated a stimulating effect upon the trypanosomes m 
incubation period progressively decreased (35, 26 22 20 J 
In 2 control experiments in which the trypanosome w 
through animals of the same species, j e , young albino raj 
the parasites failed to appear after the eighth and fourth ^ 
respectively P^sages, 

T crxist has been successfully cultured and subcultured 
solid blood-agar Material from the ongmal cultures and 
first subcultures has produced typical infections in 
mice wmte-footed 


3 Doran Bnjnals, F , J Sxp Ued^ 1929, 80, 327 
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growing tips of several dozen stems were cut off and kept in a large 
beaker of pond water in the dark for 24 hours prior to use These 
clusters of cells were from 2 to 10 mm in diameter 

The manometric technique, originally described by Barcroft and 
Haldane, and subsequently employed extensively by Warburg, was 
used for measuring ox}'gen consumption The material was im- 
mersed in pond water Five per cent KOH was used in the inset 
to absorb CO-, and the vessels containing the green plants were 
wrapped in an opaque black cloth to exclude light Oxygen con- 
sumption ivas measured as a rate, Qo», in cmm per hour per gram 
wet weight 

The effects of NaCN and methylene blue, singly and combined 
were studied, purely relative results being obtamed when the agents 
were used separately When methylene blue was added after the 
cyanide, all values were corrected for the percentage change of i 
control run at the same time In every case the normal Qo- was 
established for the second hour of a 2-hour run In the case of 
cyanide the vessels were then disconnected and 0 4 cc of the proper 
NaCN concentration was added, and the Q 02 of the second hour 
thereafter detenmned When methylene blue was used alone the 
dye was poured into the plant environment from the side-arm after 
the normal Q 03 had been established When methylene blue was 
used in combination with NaCN, the percentage inhibition was first 
determmed with cyanide alone, the methylene blue then added and 
the Qoj determined for the second hour thereafter, in conformance 
with the standard procedure All inhibition and acceleration were 
expressed as percentage deviation from the normal as first estab- 
lished in each case 

The results are given in Table I, negative indicating the percentage 
decrease in oxygen consumption, and positive the mcrease 


TABLE I 



Effects of NaCN Alone 


Effects of 

Methylene Blue Alone 

Concentration 


10-211 

10-311 10-*1I lO-air 

10-2M 

10-3M 

KMM 

10--M 

7o 

-67o 

-44 

-46, -^1 -29 

-12 

4-107 

4-74 

4-43 

4-5 

deviation 
from normaJ 

-5 

-33 

-42,-44 -20 
-44,-51 

-8 

4-123 

4-66 

4-48 

—1 

Aver 

4-8 

-39 

-46 -23 

-10 

4-115 

4-70 

4-40 

4-2 


Since the cells were definitelj and irre\ersibly injured in 10~^ M 
cyanide, the absence of inhibition is probably due to injury Injuiy 
probably also decreases inhibition by ICh^ ]\I cyanide, though not to 
so great an extent Normal oxygen consumption was resumed 
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place of glucose have no effect on methemoglobm formation or its 
change to oxyhemoglobin 

Results m vitro with sheep blood also showed that methemoglobm 
formation is delayed if glucose is present, or if already formed, the 
addition of glucose will reconvert a part of it to oxyhemoglobin 
Ihe following experiment will illustrate this to 4 cc of washed 
r be suspended in 0 9% saline solution, there was added 05 cc of 
M/20 phenylhydroxylamme freshly prepared R was then found 
to be 1 42, indicating 48% methemoglobm This solution was 
divided into 2 parts glucose was added to one part, and to the other 
part only saline The glucose-containing blood now had only 18% 
methemoglobm present (R= 1 53) while that with a saline alone 
remained unchanged at 48% (R = 1 42) It has not been found 
possible to reduce in vitro all the methemoglobm to oxyhemoglobin 
This was also found by Warburg, Kubowitz and Christian,’ who 
state that unknown reactions take place 

Similar effects can be demonstrated using NaNOj instead of 
phenylhydroxylamme If glucose be added before the methemo- 
globm-producing substances, the tormation of methemoglobm is de- 
layed and the sample is still reddish when the control is brown 
These results show that glucose is effective m preventing 
methemoglobm formation, or after formation, m reducing- it to 
hemoglobin which can then form oxyhemoglobin It is suggested 
that the presence of glucose in the blood stream is responsible for 
the often observed failure of various agents to produce the expected 
proportion of methemoglobm It is also suggested that injections 
of glucose be used clinically m cases where methemoglobm is present 
either as a result of pathological conditions or as a result of poison- 
ing by sucli methemoglobm-producing substances as aniline dyes, 
nitrites, etc. 


75 60 P 

Action of Respiratory Catalysts and Inhibitors on Oxygen 
Consumption by Nitella. 

EDWAKD BOSS (Introduced by 8 C Brooks ) 

From the Department of Zoology, Vnlverntg of California 

The material used consisted of young, actively growing coenocytic 
cells of Nitella clavata collected from a large outdoor pool The 

» Warburg, O , Kubowiti, F , and Obnatiiui, W , Bwchem. Z , 1931 , 342, 170 



Oxygen Consumption by Nitella 


65 


growing tips of several dozen stems were cut off and kept m a large 
beaker of pond water m the dark for 24 hours prior to use These 
clusters of cells were from 2 to 10 mnL m diameter 

The manometric technique, originally described by Barcrott and 
Haldane, and subsequently employed extensively by Warburg, was 
used for measunng oxygen consumption The material was im- 
mersed in pond water Five per cent KOH was used m the inset 
to absorb CO-, and the vessels containing the green plants A\ere 
wrapped m an opaque black cloth to exclude light Oxygen con- 
sumption was measured as a rate, Qoj, m cmm per hour per gram 
wet weight 

The effects of NaCN and methylene blue, smgly and combined 
were studied, purely relative results being obtained when the agents 
were used separately When methylene blue was added after the 
cyanide, all values were corrected for the percentage change of i 
control nm at the same time In every case the normal Qo^ was 
established for the second hour of a 2-hour run. In the case ot 
cyanide the vessels were then disconnected and 0 4 cc of the proper 
NaCN concentration was added, and the Qo; of the second hour 
thereafter determined When methylene blue was used alone the 
dye was poured mto the plant environment from the side-arm after 
the normal Qo* had been established When methylene blue was 
used m combination with NaCN, the percentage inhibition was first 
determmed with cyanide alone, the methylene blue then added and 
the Qo, determmed for the second hour thereafter, in conformance 
with the standard procedure All inhibition and acceleration were 
expressed as percentage deviation from the normal as first estab- 
lished in each case 

The results are given in Table I, negative mdicatmg the percentage 
decrease m oxygen consumption, and positive the increase. 

TABLE L 


Effects of 

Effects of NaCN AJone Methylene Bine Alone 

CMcentratJOD 10-iM 11>-2M 10-3M KMM lO-'-M 1(>-2M 10-3M KMM 10-*>M 


% 

-6fc. 

-44 

— 16, — 51 

-29 

-12 

4-107 

+74 

+43 

+5 

deviation 

-5 

-33 

^,-$4 

-20 

-8 

-P123 

+66 

+18 

— 1 

from normal 

4-35 


-14, -51 




Aver 

+s 

-39 

-48 

-25 

-10 

4-115 

+70 

+46 

+2 


Since the cells were definitel} and ^rre^erslbly injured m 10"'^ kl 
cyanide, the absence of inhibition is probablj"- due to injury Injurj 
probably also decreases inhibition by XI cyanide, though not to 
so great an extent Normal oxjgen consumption was resumed 
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when 10-" M cyanide had been washed out There was, therefore, 
no irreversible injury at this or lower concentrations Acceleration 
was perfectly reversible on washing out the methylene blue taken up 
from 10~* M solution, but after 10^ M it was not possible to wash 
out all the dye within a reasonable time Injury cannot be surely 
excluded m the case of 10”= M solution of the dye 
The antagonism betiveen cyamde and methylene blue has been 
tested by 3 experiments so far In all of these 10”= M NaCN was 
used The results, corrected for percentage changes m the controls, 
are given in Table II 


TABUS EL 

Effects of Methylene Bine Added after Cyanide 


Experiment 

1 

2 

3 

Effect of NaCN, KMM 

—44% 

—33% 

— 36% 

ConcentraUon of dye added 

lO-ail 

lO-sk 

ICMM 

Eesnltaat effect (0 0 % — complete recovery) 

— 9% 

— 41 % 

"39% 

The dye appears to have acceleratmg power only when 

its con- 


centration is greater than that of the inhibitor With this material 
the apparent acceleration may have been due to mjury, investigation 
of winch IS in progress 



New York Meeting 

New York Academy of Medicine, October ly, 1934 
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Further Expenmenta on the Elffect of Testicle Extract on the Agent 
of Chicken Tumor I 

F DUEAN ElEYNAIjS and AX/BEET GLAtTDE (Introdnced by J B Mnrphy ) 
From the BochefeUer InsUtute for Medical Besearch, New Tori, 

Hoffman, Parker, and Walker^ reported that rabbit testicle ex- 
tract markedly enhanced the growth of Chicken Tumor I, the effect 
bemg the same whether tumor mash or cell-free filtrates of the 
tumor were used in the inoculations Sturm and one of us’ could 
not duplicate these findings despite the use of a vanety of both tes- 
ticle extracts and active tumor preparations 

Since more work was indispensable in order to eluadate the 
cause of the discrepancies we first resorted to the technique of pro- 
gressive dilution of the active tumor matenal Accordingly, water 
dilutions of the fresh tumor tissue, ranging from 1 6 to 1 10,000 
were obtamed and 0 5 cc of each dilution was mjected with its 
volume of filtered bull testicle extract diluted 1 2 Elach chicken 
was moculated intradermally in 2 or 3 areas m each side of the 


TABLE I 




Aver area of tumor 

Aver area of tumor 



surface after 14 days 

surface after 21 days 


Dilution 





No of 

of tumor 

Testicle 


Testicle 


testa 

extracts 

extract 

H 3 O 

extract 

HaO 

9 

1 6 

sq cm 

62 

sq cm, 

4,8 

sq cm, 

120 

cm. 

8 

1 60 

4.0 

4J. 

6 J. 

9a 

8 

1 300 

L 6 

LI 

A7 

34 

3 

1 600 

4.5 

1 

5 

0 

2 

1 3,000 

05 

0 

1 

0 

1 

1 12,000 

0 

0 

30 

0 

1 

1 30,000 

0 

0 

20 

0 

1 

1 60,000 

0 

0 

0 

0 

1 Hoffman, D C , Parker, 

P , and Walker 

, T T , Am 

J Path , 1931 

, 7 , 523 

- Sturm, 

E , and Duran Beynala, J Exp 

Med, 1932, 

, 50, 711 
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breast The customary spreading was noticed after each injection 
The results are summarized in Table I 

Table I shows some enhancement by testicle extract, but far less 
regular and marked than in the case of viruses 

In the foregoing tests, the mixture was inoculated mtradermally 
at points located on both sides of the median breast line With the 
bird in normal position this region is more or less horizontal and 
occupies the lowest part of the body It is obvious that in this case 
the mixture injected had little opportunity to spread Under special 
conditions the spreading agent may even drain back the active ma- 
terial This fact may well account for the observation that in certam 
cases tumors obtained from testicle extract mixtures were smaller 
than the controls 

In the following experiments, the material was moculated into 
the skin, either in a lateral region under the wing, or in the upper 
part of the leg The active material was obtained by extractmg 
fresh chicken tumor pulp with 12 volumes of stenle distilled water 
The fluid after centrifugation was used for the test and mixed 
before inoculation with an equal volume of fresh rat testicle extract 
The latter had been prepared in the usual manner by extracting with 
an equal volume of water, and usmg the supernatant fluid from 
centnfugation 

As illustrated in Table II, the results were conclusive and the 
tumors obtained were incomparably larger than in the case of the 
control injection, simply diluted with an equal volume of Ringer’s 


solution 


TABLE n. 


Aver aixe of mam tmnor 
surface after 18 days 


Aver area of aklii 
vnth scattered nodules 
around the mam tumor 



Conchiswn In agreement with the results of Hoffman, Parker, 
and Walker, Chicken Tumor I agent is spread when injected to- 
gether with testicle extract and the resultant lesions are markedly 

enhanced 
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Protective Subateaices in Sera of Animals Injected ■wxtK Anterior 
Pitiutaiy-LAke Hormone of Teratoma Testis Urme 

GBAT H. TWOMBLY and BTfBSEIxIi S I-EEGUSON (Introduced by J Ewing ) 
From the Memorial Hospital, Neio YorJc City 

CoUip^ reported observations on the results of repeated inocula- 
tions of the thyreotropic hormone, m large amounts, over prolonged 
periods of time into white rats He showed that, on mjection of the 
thyreotropic prmciple of the pitmtary, hyperplasia of the thyroid 
gland occurs and the metabolic rate rises sharply However, con- 
tinued mjections fail to maintain this condition and the metabolic 
rate returns to normal in from 2 to 3 weeks and may even become 
subnormal The ammals fail to show any rise in metabolism on the 
administration of as much as 8 times the previously effective dose 
The serum of animals, thus rendered refractory, will exert a pro- 
tective effect against the activity of the hormone when injected into 
untreated animals It does not protect, however, from the action of 
desiccated thyroid tissue Anderson and CoUip'^ have prepared a 
potent antithyreotropic serum by repeated injections into a horse 
Similar “antihormones” inhibiting the action of the antenor pitm- 
tary-like hormone of pregnancy urme have been made and reported 
by Selye, Bachman, Thompson, and Collip ® 

In an attempt to confirm this work and to determine whether the 
same thing is true of the anterior pituitary-like hormone found in 
the urine of patients suffering from teratoma testis, we have injected 
a number of rabbits over prolonged periods of time The anterior 
pituitary-like hormone was obtained according to the onginal 
method of Zondek^ by precipitation of acidi&ed fresh urine with 
5 times its volume of 95% ethyl alcohol The precipitate was 
washed 3 times with ether, dried, and stored m the ice box Due to 
the difficulty of obtaming large amounts of the urme, the extracts 
were prepared from lots of 300 to 1000 cc. These were assayed 
separately for their potency by the mjection of watery extracts into 
immature female mice Most of the urine came from 2 patients and 
was found to contain 5,000 to 10,000 mouse imits per hter 

' CoUip, J B , J JlounI Sinai Hasp , 1934, 1, 28 
Anderson, Evelyn AL, and CoUip, J B , Lancet, 1934, 1, 784 

3 Selye, Hans, Bachman, G , Thompson, D L , and CoUip, J B , Proc Soc 
Exp Biol and AIed , 1934, 31, 1U3 

I Zondek, Bernhard, Lie Hormone ties Ovarium* und des Sypophysenvorder 
lappem, Berlin, Julius Springer, 1931. 
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2 kilos 

period of 3^ months %wo days after ^ 

serum separated^^ ^hitt^ 

toTr'wt' f 

aqueous solution 5*"^ hormonfS^^of cc'^of'*'^ 7b^ 
over a period of 30 hnurc <'n 9 r.^ r u rabbit serum, 

se^ tt: r v. “ 

and 4 p m ) One hundred hours after the bem^mt 7 ’J ^ "" ’ 
tions the animals were killed and their ovaries ^ 

the usual techmque of the Aschheim-Zondek test^ 
so ttMsd fadod ,0 show any corpora l„,c: ,S 24 re~ 
the extract alone aU showed large corpora lutea anrl ^ ^^‘^eivmg 
onfees Th,r.ccn ™.cc were gr^en “^2' 

serum o£ normal rabbrts The serum was oto.ned faS 1 
animals AU the mice so treated showed corpora lutea thaf 7^ 
sera of these rabbits failed to show any protective effS ^ 7 
acuon of ^e hormone such as was iLbited sS “of t 

injected rabbits ^ the 

The mjection of only 0 3 cc. of serum into each mousp aicr, 
lected agamst Ure actron o£ the hormone Three mice mjected S 
0 1 cc only, showed protection m one, no protection m one TnS 
apparently no corpora lutea but an open vagina] onfice m the did 
inat IS, there was sufficient protective substance in 0 3 cc of th 
of the injected rabbits to counteract completely the action of 4 ^ 
units of A P L from teratoma urme The experiments were di'r 
cut, none of the mice receiving half a cc of immune serum show, no. 
corpora lutea and all of the controls showing luteinization. ^ 

A smular experiment was tried with the preparation of the A P T 
hormone of pregnancy urine made by E R Squibb anrf 
called by them “FoUutem” This extract in glycerine contained 2^’ 
mouse units per cc and was said to have 0 55 mg of N per cc Th 
serum of 3 female rabbits, weighing approximately 2 kilos each^ 
was tested for any protective effect it might show against the act ^ 
of the hormone, each mouse being given 0 5 cc of serum a d*^? 
mouse units of Follutem Eleven mice so tested failed to show” 
evidence of protective substance The rabbits were then mi 
daily with 75 mouse units (375 rat umts) and the injections ^ 
tinned, with occasional interruptions, for a month At the end of 
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tune samples of the serum all showed complete protective action m 
0 5 cc. amounts against 5 mouse luuts of FoUutem The injections 
were contmued for another 2 weeks, at the end of which time the 
rabbits showed multiple sores m the skm of the back, a phenomenon 
which had been previously noted m the ammals mjected with A P L 
from teratoma testis urme. All these ammals continued to show 
a protective effect m their serum A male rabbit injected for a 
month gave similar results Twenty-seven mice tested with the 
sera after mjection showed complete protection Twelve control 
mice receivmg FoUutem alone all showed corpora lutea 

Cross protection expenments of this serum and the teratoma 
testis urme hormone were carried out Three mice injected with 
the teratoma hormone alone showed corpora lutea while 9 receiving 
4 mouse umts of the hormone plus 0 5 cc. of serum immunized 
against the pregnancy hormone each showed no effect in the ovaries 
Nine mice receiving four mouse umts of “FoUutem” plus 0 5 cc of 
serum from the rabbits immumzed against the teratoma hormone 
showed no evidence of luteimzation while three control mice injected 
with “FoUutem” alone showed corpora lutea 
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Successive Transmission of Virus of Lymphogranuloma InguinaJe 
Through White Mice 

AETHUa W GRACE and FLORENCE H SUSKIND 
(Introduced by Paul Bezaiiioff ) 

From the New Tori, Bospital and Department of Medicine, Cornell Dniversiiy 
Medical College, New Tori, 

As part of a study of the properties of the virus of lymphogranu- 
loma inguinale white mice were inoculated intracerebrally with 
bactenologcally sterile pus aspirated from an ingmnal bubo and 
glandular material obtained from a case of lymphogranuloma in- 
guinale The pus and glandular material were diluted 1 in 5 ivith 
sterile distilled water and inoculated m 0 03 cc quantities into each 
of 6 mice The object of this sertion of the work was to ascertain 
whether or not the virus could be transmitted indefinitely in that 
manner All of the moculated animals died within an average of 
11 days The brain ot one of these animals dying from lympho- 
granuloma inguinale was emulsified m 1 m 2 5 dilution of distilled 
water and inoculated intracerebrally in 0 03 cc quantities into 
another batch of 6 white mice. All of these mice died within an 
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average of 7 0 days A similar procedure caused the death of the 
next four generations of mice in an average of 5 4 days and by the 
time the eleventh generation was reached, the animals were expiring 
in four days Similarly, there was an increased mortality rate with 
successive passage, 90 to 100% of all the inoculated animals suc- 
cumbing m the seventh to the eleventh generations The shortening 
of the period taken for the mice to die involved such frequent sub- 
passage that the strength of the inocula of subsequent generations 
was reduced to a 1 in 5 dilution The effect of the increased dilution 
was to make the average time taken for the mice to die longer and 
to decrease the mortality rate Nevertheless, tliere continued to be 
an increase in the virulence of the virus so that by the 26th and 27th 
generations, when a 1 in 2 5 dilution was again employed, 100% 
of all the inoculated animals died in an average of 2 6 days At 
the time of writing (35th generation) 80 to 100% of mice die in 
an average of 6 7 days as a result of an intracerebral inoculation of 
a 1 in 5 suspension of lymphogranulomatous mouse brain Physio- 
logical saline, Tyrode’s solution, ascitic fluid or infusion broth of 
pH 8 0 are diluents equally as good as sterile distilled water 

A control senes of inoculations m which normal mouse brain was 
used instead of Ivmphogranulomatous mouse brain, did not produce 


any effect in mice 

Evidence of the presence of the virus of lymphogranuloma in- 
guinale m the brains of the dead mice was furnished by the produc- 
tion of highly potent Frei antigens trom these brains, the method 
of preparation of the mouse bram antigen was identical with that 
used for the preparation of Frei antigens from human lymphogran- 
ulomatous pus The potency of the antigen appears to increase 
with successive passage of the virus Normal mouse brains pre- 
pared and tested as Frei antigens do not produce any appreciable 


Histological examination of the brains of the dead mice indi- 
cates that the virus produces a meningitis in which the predominant 
cell IS of the lymphocyte type, polymorphonuclear leucocytes are 

“cSimn strain of the virus of lymphogranuloma in- 

guinale upon intracerebral inoculation into white mice, has quickly 
developed a fixed virulence for these animals and appears to be 
capable of transmission indefinitely in this manner 

Frei antieens prepared from lymphogranulomatous mouse brains 
are specific and highly potent, the antigenic strength increases with 
successive mouse passage 
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Renal Elzcietion of Inulm, Creatinine and Xylose m Normal Dogs 

A. N EICHAEDS, B B 'VyESTPAUj aitd PHYUUB A. BOTT 
From the Ldboratory of Pharmacology, Umvernty of Pennsylvania. 

Dunng the course of studies of the properties of the renal tubule 
of amphibia we had occasion to search for a substance which, intro- 
duced into the tubule, would not be expected to be absorbed from 
It into the blood, either actively or by diffusion Among those tried 
was the polysacchande inubn, chosen because of its high molecular 
weight and because it is not hydrolyzed by enzymes or tissues of 
vertebrates After having foimd that mulin is much less rapidly 
diffusible than either creatimne or glucose, that it is filterable 
through collodion membranes which are impermeable to protem and 
through the glomerular membranes of amphibia , and also that it is 
not excreted by the aglomerular kidney (toadfish) after intravenous 
injection, it seemed desirable to study its rate of excretion in 
mammals Given intravenously to dogs or rabbits it is excreted 
in the urine rapidly, and, insofar as a few experunents show, 
completely Concentration ratios, U/P, as high as 1 50 have been 
observed It became obvious that some of the considerations 
developed by Jolliffe, Shannon and Smith^ upon which they 
based their advocacy of plasma clearance of xylose in prefer- 
ence to that of creatinine as a true measure of the volume of glom- 
erular filtration could equally well be made the basis of similar 
advocacy of inulin clearance for the same purpose , with this advan- 
tage, that the low diffusibility of inulin, much lower than that of 
creatinine, of xylose and of the other 2 non-metabohzed sugars 
tested by them (sucrose, raffinose) could be expected to minimize 
a difference between plasma clearance and rate of glomerular filtra- 
tion, provided such a difference exists and is the result of back 
diffusion of the substance studied Accordmgly, a senes of pre- 
liminary experiments has been made, admittedly not perfect, in 
which the simultaneous plasma clearances of inulin and creatimne 
have been determined in unanesthetized female dogs The results, 
which seem sufficiently convincing to put on record, indicate that the 
plasma clearance of inulm given intravenously is slightly higher 
than, but of the same order as that of creatinme 

1 JoUuBEe, N, Shannon, J A., and Smith, Homer "W, Am. J Physiol., 1932, 
100, 301, 102, 534. 
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A year later a similar series was made in which simultaneous 
clearances of inulin and xylose were determined The results indi- 
cate that inulin clearance is significantly higher than that of xylose 
Inulin was given mtravenously 1 to 4 gm before begmnmg the 
experiment, slow continuous infusion during it Creatimne was 
given intrapentoneally, xylose by mouth 
Urine collection penods varied from 12 to 52 minutes, average, 
27 Blood from the jugular vein was taken one minute before die 
beginning and one minute before the end of each period Urine was 
collected by catheter 

Inulin and xylose in plasma and unne were determined by the 
Shaffer-Somogyi method- applied to the properly diluted fluids (a) 
before hydrolysis, (glucose + xylose) , (b) before hydrolysis, 
after fermentation with washed yeast (xylose) , (c) after hydrolysis 
with 0 1 N HQ (glucose + xylose + inulm) Urines were diluted 
to make the reducmg powers approximately the same as those of 
the corresponding plasmas 

Creatimne was determined by Folm’s method as used by Holten 
and Rehberg* 

Twenty-three comparisons of inulin and creatinme clearances 
were obtained in 10 experiments on 5 normal dogs m June and July, 
1933 , 1 1 more in 5 experiments on 4 dogs m July, 1934 

Twenty-five comparisons of mulin and xylose clearances were 
made in 11 experiments on 4 normal dogs in May, June and July, 
1934 In any single experiment clearance of only 2 of the 3 sub- 
stances was measured 

Average plasma concentrations of inulm ranged from 60 to 346 , 
of creatimne, from 3 3 to 26 0, of xylose, from 30 to 233 mg % 
Rates of urme excretion varied from 0 44 to 5 8 cc per mm 
The results, given as clearance ratios, were as follows 
A Inulin clearance/ Creatimne clearance 0 64, 0 64, 0 73, 0 84, 

0 85, 0 87, 0 92, 0 92, 0 96, 0 97, 1 00, 1 00, 1 01, 1 02, 1 03, 1 03, 

1 05, 1 05, 1 08, 1 11, 1 11, 1 14, 1 14, 1 14, 1 15, 1 16, 1 18, 1 20, 

1 20, 1 21, 1 36, 1 38, 1 46, 1 53 Mean, 1 06 

B Inulm clearance/ Xylose clearance 0 85, 0 89, 0 93, 1 03 
1 08, 1 09, 1 11, 1 16, 1 16, 1 16, 1 23, 1 25, 1 27, 1 33, 1 35, 1 35, 

1 39, 1 41, 1 43, 1 47, 1 49, 1 49, 1 59, 1 59, 1 67 Mean, 1 27 

The difference between the 2 groups of results seems significant 
No correlation was found betiveen mulin clearance and plasma 
concentration of inulm or rate of urme flow 

s Shaffer P A , and Somogyi, IL, J SwU Chem , 1933, 100, 695 
3 Holten, C, and EeLberg, P B , Aota Mei Stand , 1931, 74, 479 
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The concentrations of inulin in the unne were astomshing in one 
expemnent 35 8% , in another 32 3 , in another 22 4 In one in- 
stance the concentration ratio, U/P, was 150, m another 132 
It must be stated that in more than half the experi m ents unde- 
sirably large variations m the plasma concentrations of the sub- 
stances studied (particularly of mulm) occurred, due presumably 
to the methods of admimstration Exclusion of these from consid- 
eration does not, however, alter the conclusion drawn from the 
senes as a whole, vts , that the plasma clearance of mjected mulm 
IS of the same order as that of mjected creatmine and higher t h a n 
that of xylose. We are mchned to ascnbe this difference to greater 
diffusion of xylose than of mulm from the renal tubule 

One mam purpose of this pubhcation is to call attention to the 
possible usefulness of muhn m connection with renal studies 
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Occurrence of Non-Motile Leucocjrtes 

Ji. SOHWEIZEE. (Introdnced by Eric Ponder ) 

From WaaJitnffUm Square CoUege, New Torli Univertxtg 

Sabm, Cunmngham, Doan and Kmdwall^ observed that when 
supravital counts were made on blood drawn every 15 mmutes there 
appeared “showers of non-motile cells” at approximately hourly 
intervals They interpreted these as bemg due to degenerating 
polymorphs which were actually dymg m the blood stream Beard 
and Beard' confirmed the existence of these showers, and were able 
to increase their magmtude without altenng their rhythm by the 
mjection of sodium citrate More recent workers (Smith and Mc- 
Dowell,^ Jones, Stephens, Todd, and Lawrence*) have been unable 
to confirm these observations, and find that the non-motile cells 
occur at irregular intervals and are probably artefacts 

If the non-motile cells are really dymg polymorphs, most of them 
should be old cells, as determined by the criterion of the number of 
lobes in the nucleus (Cooke and Ponder”), whereas if they are 

1 Sabm, C minin gham, Doan and Ktndwall, Johns SopUns Sosp Bull , 1925, 
37, 14. 

2 Beard and Beard, Pnoa Soc Eip Biol, and Aim , 1927, 24, 614. 
s Smith and ilcDoirell, Arch Int Med , 1929, 43, 68 

* Jones, Stephens, Todd and Laivrence, Am. J Physwl , 1933, 406, 547 
s Cooke and Ponder, The Polynuclear Count, 1927, London. 
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artefacts, we might well expect both young and old cells to be af- 
fected, i e , cells of all the classes of the polynuclear count I have 
made a series of counts to determine (a) whether the non-motile 
cells occur regularly, and (b) whether they are always old cells, 
t e , cells of the higher classes of the polynuclear count For each 
count 2 preparations were made under separate coverslips but on the 
same slide, and these were examined by the supravital technique, 
counts of non-motile cells being made in regions of the preparations 
which initially showed many motile forms Table I shows a typical 
series of results The preparation designated by (a) was the one 
counted first 

TABLE I 


Preparation Total cells counted Polymorplis, % Non motalea, % 


100 

72 

100 

73 

100 

73 

150 

67 

150 

74 

200 

74 

100 

73 

150 

76 

200 

75 

200 

73 


12 

4 

1 

9 

8 

3 
2 

14 

17 

4 


The nuclei of the non-motile cells became swollen, and the lobation 
IS often obscured it is possible, in fact, to count the nuclear lobes in 
only about half the cases The data on this point are, in conse- 
quence, purely qualitative, but where it was possible to distmguish 
the number of nuclear lobes it tvas found that there were generally 
2 lobes, sometimes one or 3 lobes, and only once 4 lobes Taken to- 
gether,'the results show that the percentage of non-motile cells show 
large fluctuations even under the same conditions (i e, there are 
large differences between the percentage of these cells in 2 prepara- 
tions made at the same time from the same sample of blood), 
whereas the percentage of total polymorphs remains very constant, 
and also that the non-motile ceUs are not necessarily old cells It is 
a little surprising that a larger number of polymorphs of class IV 
were not seen, but these, the oldest ceUs of all may well have been 
represented among the non-moUles whose nuclear lobation was im- 
nossible to determine It is to be concluded that iht non-motile ceUs 
Ire produced by some uncontroUable factor mvolved m makmg the 
preparation, and that the presence of these ceUs can not mter- 
preted as indicating the presence of dying polymorphs in the blood 

"^?rL purely numerical considerations, it is difficult to see how 
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one could expect to detect the presence of dying cells by any of the 
known methods of counting even if they were to die in “showers” 
at hourly intervals Assuming that there are 7000 polymorphs per 
mm “ of blood, and that the average hfe of these cells is about 15 
days (Cooke and Ponder'’), there would be 20 cells per ram ’of 
blood dying each hour, or only 0 002% of the white cells in a given 
volume of blood 
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Simulteineous Excretion of Creatmme and Certeun Org^ic 
Compounds of Iodme.*t 

K. A ELSOM, P A. BOTT and E M. IANDIS (Intiodnced 'bv A N Eichards ) 

From the Laboratory of Pharmacology, Univeraxty of Pennsylvania Medical School 
and the Senal Clinic, i Sospital of the University of Pennsylvania 


In these experiments the unnary excretion of creatmme has been 
compared with that of (1) mono-iodo-methane sulphonate of so- 
dium (Skiodan), (2) 3 5 diiodo-4-pyridon-N-acetic acid diethan- 
olamme (Neoskiodan, Diodrast) and (3) sodium ortho-iodohip- 
purate (Hippuran) These 3 organic compounds of iodine owe 
their practical usefulness in excretion urography to their exception- 
ally rapid elimination in the urine Of the normal constituents of 
urine creatmme is excreted m highest concentration relative to the 
plasma level The mechanism of creatimne excretion is not entirely 
clear (Rehberg,^ Jolliffe, Shannon and Smith") , it is therefore in- 
teresting to record that the plasma clearances of these organic com- 
pounds of lodme may equal or, xmder certain conditions, consider- 
ably exceed the simultaneously determined creatmme clearances 
Their excretion is similar on one hand to that of creatimne, on the 
other to that of phenol red (Marshall’) 

In human subjects and unanesthetized dogs various grades of 

* The eipenaes of this investigation were defrayed in large part by a grant 
from the Conunonwealth Fund 

i The organic compounds of iodine were supplied by the Winthrop Chemical 
Company and by the Mallinekrodt Chemical Works. 

t Determiuataons of creatinine were made by Mms B H. Shiela 

1 Eehberg, P B , Biochem J , 1926, 20, 447, 461 

1 Jolliffe, iL, Shannon, J A, and Smith, H. W, Am J Physiol, 1932, 100, 
301 

3 Marshall, E K , Jr , Am J Physiol , 1931, 09, 77 
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artefacts we might well expect both young and old cells to be af- 
fected j'e cells of all the classes of the polynuclear count I have 

made a series of counts to determine (a) whether the non-mottle 
cells occur regularly, and (b) whether they are always old celL. 
, ^ cells of S higher classes of the polynuclear coimt For each 
couAt 2 preparations were made under separate covershps but on &e 
same slide and these were examined by the supravital techmque, 
counts or^^ltCe cells beng made m reg-ons o£ the preparabons 
which imtiaUy showed many motile forms Table I shows a 
senes of results The preparation designated by (a) was the one 


CUUIUCU T’ATIT.E I 

Preparation 

Total cells counted 

Polymorphs, % 

Non mobles, % 

1 a 
b 

2 a 
b 

3 a 
b 

4 a 
b 

5 a 
b 

100 

100 

100 

150 

150 

200 

100 

150 

200 

200 

72 

73 

73 

67 

74 

74 

73 

76 

75 

73 

13 

4 

1 

9 

8 

3 

2 

14 

17 

4 


The nuclei of the non-mot.le cells became swollen, ana me o^oou 

obscured it is possible, m fact, to count the nuclear lobes m 
isoftei^tec ^onse- 

only about ha . ^ where it was possible to distinguish 

quence, purely ^ found that there were generally 

the number of nuclear lobes it^^ ^ 

2 lobes, sometimes one percentage of non-motile cells show 

gather, the results show 

large fluctuations e percentage of these cells in 2 prepara- 

large differences be w the same sample of blood), 

tions made at the s polymorphs remains very constant, 

whereas the not^ecessanly old cells It is 

and also that the non number of polymorphs of class IV 

a little surprising tha ^^Us of all. may well have been 

were not seen, but tn^es ' whose nuclear lobation was im- 

represented among the n - ^.^nduded that the non-motile cells 
possible to determine ^^.^nllable factor mvolved m making the 
Le produced by some ^f these cells can not be inter- 

preparation.^a^d polymorphs in the blood 

1 numerical considerations, it is difiicult to see how 
From purely numerical 
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simultaneous creatmine and orgamc iodine clearances, the latter 
for convemence are expressed in terms of iodine alone Points on 
the honzontal line, intercepting the ordinate at 1 0, indicate that 
the clearances of organic iodine and creatmine were equal The 
distance by which a given pomt is above or below that line shows 
the amount by which the iodine clearance exceeded or fell short of 
the simultaneous creatmine clearance, i e , the magnitude of the 
ratio, pbami cieat^ of lodye per mmute — This ratio IS charted agamst 

cc, plasma cleared of creaUnme per tmaute 

the average concentration of lodme m plasma during the clearance 
penod 

Skiodan clearances were approximately equal to creatmme clear- 
ances over a wide range of plasma Skiodan concentration. Neo- 
skiodan and Hippuran clearances, however, were of the same order 
of magnitude as the creatmine clearances only when the concentra- 
tion of Neoskiodan, or Hippuran, m plasma was high They be- 
came several times greater than creatmine clearances when the con- 
centration of Neoskiodan or Hippuran m plasma approached zero 

It appears, therefore, that the mammalian (dog and man) kidney 
excretes Skiodan and creatimne at approximately the same rate rela- 
tive to plasma level Under certain conditions Neoskiodan and 
Hippuran clearances have the same order of magmtude as the simul- 
taneous creatimne clearances The mammalian kidney can, however, 
concentrate Neoskiodan and Hippuran more highly than creatmine 
when their respective concentrations in plasma approach zero This 
relationship provides a new tool for investigating renal function 
The mechanism by which the kidney excretes these substances is 
being studied further 
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Effects of Deutenum Oxide on Respiration of Germinating Seeds 

GEORGETTE J MELOT * (Introduced by J Ewing ) 

From the BiophysicaX Lahoratory, Memorial Rospital, New Yort City 

Lewis,' the first to report on the biological effects of heavy water, 
states that tobacco seeds do not germinate in nearly pure deutenum 
oxide, and that they do so very slowly in water containing 50% 

* Fellow of the 0 E B Educational Foundation. 

I Lewis, G N , J Am. Chem Soo , 1933, 55, 3503 
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water diuresis were induced Creatinine was administered intra- 
peritoneally (1 0 to 1 5 gm ) in dogs and orally (3 0 to S 0 gm ) 
m man Skiodan and Neoskiodan were mjected intravenously 
Hippuran was administered intravenously in dogs, orally in man 
Large amounts of orgamc iodine were given to dogs but m man the 
amounts were limited to the ordinary dose used for excretion 
urography Unne and samples of blood were collected at half- 
hourly or hourly intervals 

Urme and separated plasma were analyzed for iodine by Leipert’s‘ 
method, and for creatinine by the method of Fohn as used by Holten 
and Rehberg^ The clearances (C) of both lodme and creatinine 
were calculated in terms of cc of plasma cleared per mmute by the 
usual equation, urinary concentration (U) divided by blood con- 
centration (B) times the volume (in cc ) of urine formed per 
mmute (V), C = 

The excretion of creatinine and organic iodine was mdependent of 
the rate of urme formation Fig 1 shows the relation between 
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Chart Ahowing ratloa between plasma clearances of crentmine and of sMnd 
neoskiodan and hippnran, in relation to the concentration of each orcanio nn ’ 
pound of iodine in plasma (eipressed in terms of iodine) Dots refer to man 
dies to the dog 

A Xeipert, T , Sioohcjn Z , 1933, 261, 436 

0 Holten, 0 , and Behberg, P B , Jota Med Stand , 1931, 74, 479 
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support satistactory germination m a given number ot seeds From 
the figures given below it is evident that 0 1 cc of ordinarj w'ater 
will cause germination m 20 embryos, but that the rate ot respiration 
IS significantly higher with 0 15 cc than with 0 1 cc 
As It ivas difficult to know' with accuracy the pH of each sample ot 
heavy' w'ater used (since the behaiior of the deuterium ion towards 
indicators is not yet well know'n), it became necessary to test how 
far the respiratory rate w'ould depend on changes m the pH due to 
an impurity as traces of NaOH 


TABLE U 

Bespinition of 20 Embryos in Solution of Different pH 


Wt drv 
embrvoa 

\ge 

Vol Oo consumed 
Seeds m 0 1 cc 

Period of ordiuarv distilled 
Observation naterpHoS 

Vol Ooconsuiued 
Seeds m 0 0003 

X XaOH pH 9 0 

mg 

hr 

mm 



78 

21V. 

15 

19 7 

20 4 



10 

55 8 

56 5 


31 

15 

37 3 

415 



30 

76 4 

87 7 

80 

18 V. 

15 

22 8 

23 4 



30 

66 4 

65.8 


43 

15 

35 1 

49 6 



30 

78 6 

107 2 

No differences in the respiratory' rates of the seeds m the 2 solu- 

tions were obsen-ed on 

the first day 

but differences began to be 

apparent on the second day' 



Preliminary w'ork w'as done with 

14 8%) deiiten 

itiii ondc A 

series of 20 embry'os were allowed to germinate for 13 hours n 


0 1 cc of ordinary w'ater, another senes of 20 embry'os m hea\'y 
W'ater, and the respiratory rate measured At this time imbibition 
was active, but kary'okinesis had not begun An additional 0 1 cc. 


TABLE HI 

Beapuation of 20 Embryos in 14 8^ Deatenum Onde 


NVt drv 
embryos 

Age 

Vol 

Period of 
Observation 

On consumed, mm 
Seeds m 0 1 cc 
14.8 % deut 01 

Seeds in 0 1 w 
ordinarr 
distilled water 

mg 

hr 

min 



120 

13 

15 

34.3 

36 5 



30 

G6 5 

07 8 



45 

97 b 

101 4 



GO 

128 2 

136 6 


14 

0 1 ct 14 8 deut ox, and ordinary distilled ^\ate^ 



added at this time 



40 

15 

35.3 

35 2 



30 

74.0 

74-0 



45 

113 0 

112 0 



GO 

157 0 

170 7 
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deuterium o\tde In view of the new field of research which this 
finding would open up, if confirmed, it seemed desirable to obtain a 
quantitative measurement of the effect of deuterium on germination 
For this reason we have made a study of the rate of aerobic respira- 
tion ot wheat seeds in the early stages of germination 

It IS necessary to determine first, whether deuterium oxide in- 
hibits the germination of seeds If so, does it act as a toxic agent, 
or if mixed with ordinary water, does it simply dilute the ordinary 
water until the latter is present m insufficient quantity to support 
germination? If the deuterium oxide acts as a toxic agent, is its 
action evident before or after the beginning of karyokmesis ? 

The respiration of wheat seeds under different conditions was 
followed by means of a Warburg respirometer To bring about 
germination with very small volumes of water, most of the endo- 
sperm portion of the seed, whose rate of respiration is low, was dis- 
carded, and the experiments were performed with the end of the 
seed contaming the embryo and a small portion of reserve material, 
It having been found by experiment that this procedure did not 
interfere with germination m ordinary water 

For each experiment the embryo ends of 10 seeds were placed in 
the central portion of each of 4 small respirometer (Warburg) ves- 
sels Five hundredths cc of heavy water were then added to the 
seeds in each of the 2 experimental vessels and 0 05 cc of ordinary 
distilled water to the seeds in each of the control vessels The seeds 
were allowed to germinate for different lengths of time at 26°C 
Two-tenths cc of 7% NaOH were then placed m the outer portion 
of each vessel and the rate of respiration at 26°C was determined 
over periods The conditions of light and O 3 supply were the same 
for experimental and control senes The experimental error of the 
method was such that differences between experimental and control 
figures of less than 10% can not be considered significant 

Since the quantity of heavy water available was small, it was 
necessary to determine the minimum volume of water necessary to 


TABLE L 


Respiration of 20 Embryos m Different Qnanfaties of Water 21 Hours after 
^ Bcguuuns: of Germination 

Wt dr? embryos Period of obser \ oL O 3 consumed, mnnS Seeds in 
mg \ation, Min. Secos in 0 1 cc. HjO 0 16 cc 


IS 

315 

38A 

30 

0 L 8 

79 1 

16 

315 

35 0 

30 

59 7 

68 0 

d5 

98 i 

103 6 

60 

118 3 

131 8 


80 
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TABLE V 

Eespuation of 20 Embryos va Deuterium Omde 


Wt. of 
dry 

embryos 

Hr ger 
minatiou 

Time of ob- 
servataou 

mm3 Oo consumed 

Eip 1 3Exp 2 

Esp 

3 

94% 

A 

Diat 

B 

94% 

A 

Dist. 

B 

94% 

A 

Dist 

B 

mg 


hr 







80 

0» 

Ist 

% 

69 

110 

21 

A1 

5.2 

8.2 



2nd 

% 

10 0 

81 

A3 

8.2 

71 

78 



2nd 

18 5 

17 9 

17 4 

20 5 

17 6 

20 9 



3rd 


22 3 

25 6 

215 

22 1 

23 0 

24 7 



4th 


26 0 

26 8 

24J. 

26 7 

24.2 

26 9 



5th 




27 5 

26 5 

27 0 

27 2 



6th 






30 6 

310 


24t 

Ist 

^4 

29 4 

29 8 ( 

; j 

1 —— 

319 

35 9 



2nd 

% 

20S 

29 8 j 

57 5 ] 

59J2 

29 8 

27 5 



3rd 

^4 

3A6 

315 ] 

' j 

1 -- --- 1 

; — j 

1 . 



4th 

% 

30 4 

28 3 1 

1 59 0 1 

1 57 5 ; 

1 56 4 ; 

1 5AS 


25* 

Ist 

% 

30 3 

36 2 ! 

1 — i 

1 — s 

- J 

■ 



2nd 

% 

30 7 

38 5 ' 

1 67 7 , 

[ 80 3 i 

170 8 i 

1 75.2 



2ud 

% 



74 7 

88 9 

79 6 

92 0 



3rd 

% 



78 3 

918 

HAS 

139 2 



4th 

% 



83 6 

971 

16A6 

185 2 



5th 

% 



9A5 

106 7 




48 

1st 

% 

39 4 

40 6 



23 5 

24a 



2nd 

Vi 

38 4 

38 2 



22 9 

2A8 



3rd 

Va 

391 

423 



25 5 

28 4 



4th 

% 

425 

44.3 



23.8 

27 3 


*0 1 M of 94% heavy vjater aad of oidmary distilled -water added to tha 
organisms m the eipenmental (A) and control ^B) vessels, respectively Meas 
urements taken as soon as the apparatus was again in temperature equilibrium 
tileasurementa made before any new addition of water 


20 embryos in ordinar)' water is sensitive to changes m the volume 
of water available in the range 0 1-0 15 cc , it appears that the heavy 
water does not act simply as a diluent to ordinary water, but that it 
enters into the life processes m a manner similar to ordinary water 
Stiuunary A stud) has been made of the germination ot wheat 
seeds (TriUcum zmlgare) in 14 S%, 38% and ^% deutenum oxide, 
and ordinary water tor control under as nearly identical conditions 
as possible In all cases the seeds germinated and no macroscopical 
diflferences could be detected No significant differences nere ob- 
served in the respirator)' rates of the seeds in ordinar)' and hea-vy 
water dunng the first and second days of germmation 

The work described in this paper was made possible by the kind co- 
operation of Dr H C Urey who protided the different samples of hea\} 
water 

The author wishes to express to Dr G Failla and to the members of the 
Biophysics and Chemistry Departments of Afemonal Hospital her apprecia- 
tion oi their assistance dunng the course of this work. 
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of water was then placed on the seed? 

nate tor another 24 hours, and the respirltZ'lite^'''"'^ 

a^m At th,s toe karyoiunee.s a.d‘l,,,w7™rh.rr'“‘ 
The results are given in Table III t.rowth had begun 

No significant difference was observed in the recr, 
the seeds in ordinary and heavy water Tt '^^spiratory rates of 
panton. .ha. de«erTto - 

germination of wheat seeds, before or after kaSnt " 

The effect of 38% 



cmbrjos 


Age 


Vol Oo 
eonaumed mm 3 
Period of Seeds m 0 1 ce 
Observation 38% deut ovide 


mg 

Sd 


hr 

Id 30 


nun. 

15 

30 

45 

60 


29 0 
55 8 
93 3 
120 9 


Vol Oo 
consumed nim.3 
Seeds mO 1 cc 
ordinarj 
distilled Hater 

28 e 

59 3 
94 1 
121 8 


Table V shows the results of experiments with 94 <^ ^ 
oxide This material had the same pH as ordman 
3vhen measured under the same conditions ^ distilled water 

The question arises whether sufficient ordinan u a t«r to, ■. , 

distilled from the NaOH solution into the 94% deuter 
cause germination in the seeds This is unlikeh 
remained in the Warburg vessels only during the time h 
tion measurements were being made, and since the 
of NaOH solution used was small In order to show mo (T ^ 
that the germination of the seeds in 94% deuterium o\id 
due to such absorption, dry embryos were placed m the ^ 
tioii of the Warburg vessel and 0 5 cc NaOH m the 
seeds did not take up sufficient water to germmaie 
served for several dajs Furthermore, it was TolflT^ 
germinated readily m 94% deuterium oxide in a rlo..,.,! ^ 
taming no NaOH solution 'esve! 


con- 


It IS evident that, except for the reading made dunno I 

hour ot germination when the percentage expenmentat 

high, there is no significant difference in the respiratori 

embryos in ordinary and heavy water during the first ^ 

observation How’ever, on the second day karyokmesis w~ 

Since 0 1 cc ot 94% heavy water contains only 0 06 cc of 

water and since we have shown above that the resniory,,- 

piratory rate of 
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very great, yet the consistency of the biological results from dif- 
ferent dilutions bespeaks a fair approxunation of the actual to the 
theoretical cell content 

Survivors of small doses were found to be resistant to progress- 
ively larger doses until the standard dose (in the order of 80 million 
cells) was given without harm In some cases considerable growth 
of the cells inoculated in the first and second treatment was mdicated 
by large spleens and general sickness followed by recover), but in 
most cases there was no clinical evidence of any growth of the 
inoculated cells 

The results of moculation with \arious dilutions and repeated 
remoculation of survivors are given in Table I Numbers m the 

TABLE I 

Dilute Doaea of Leukemic Cells (Line I) in Mice of Strain CoS 

S =: Standard dose , dilutions of standard dose indicated bv negative exponents 
of t, 2 3 iveeks between snceeasire doses 


Standard dose not 

given 


Standard dose given 


Treatment 

Death 

SurviTal 

Treatment 


Death 

Survival 

—1 

4 

0 

S (3% rears) 


2925 

0 

O 

4 

0 

—5, S 



0 

s 

—25 

4 

0 

—7, S 



2 

13 

—3 

25 

0 

-7,-3, S 



0 

1 

i 

24 

0 

—7,— 5, S 



0 

2 

—5 

24 

8 

-9,-5, 8 



1 

4 

—6 

25 

7 

—Sf "““3, 

S 


0 

1 

— 7 

25 

37 

—7,— 5,— 3, 

S 


0 

12 

—8 

2 

2 

—9,— 7,— 3, 

S 


0 

6 

—9 

9 

83 

—9, —7, —5, 

S 


1 

9 

—95 

0 

48 

—10 -7,-5, 

S 


0 

4 

—10 

0 

8 

— 6. — 7, — 5. — 3, 

s 

0 

o 

—11 

0 

4 

—7,— 7,— 5, 

—3, 

s 

0 

2 




—7,— 9,— 7,— 5, 

s 

0 

1 

-9,-5 

3 

5 

— 3,-9,— 7,— 5, 

s 

0 

2 

-9,-7 

3 

46 

—9.— 7,— 5, 

—3. 

8 

0 

16 

-9,-9 

2 

24 

—9,— 9,— 7,— 5. 

8 

0 

o 

—10, —7 

I 

7 

—10,— 7,— 5, 

—3, 

8 

0 

3 




—11,— 7,— 5, 

— 3, 

8 

0 

4 




—9,— 9,— 7, 

— 5,- 

-3, 

8 0 

22 


Total 114 


columns headed treatment indicate dilutions of the standard dose 
(S) these numbers are negatue exponents of 4, so that — 1 indi- 
cates a dilution of J<;th and — 11, 1/4, 194,304th of the standard 
dose The interval between successive inoculations was usually 2-3 
weeks Mice surviving doses less than standard (entered in the 
left hand side of the table) in most cases reappear m the right hand 
side Animals listed as survn ors of the standard dose hav e shown 
no sign of leukemia for at least 16 da)s, this is 4 times the interval 
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Immunization of Mice Naturally Susceptible t T 

Leukem“^ ^ Transplantable 

E 0 AXAC DOWELL if T 'PAVTr>T> 

ar. r ■' ® 

The transplantable leukemia desiaiated as l,„, r. 
a spontaneous case of lymnhatic lenUm ^ ^ f™"' 

has passed through The hne 

naiue, has been inoculated masLe do es“,„“,o 36 ?-™““ 
highly mbred strain C 58, all but one of fhl ? . the 

indications characteristic of this particula 1 ^ leukemic 

aunuvor. which a. no time shterh 1“ efe^^t 
was inoculated in the 77th transfer ^ inoculation, 

I" the 3« years since thaftime the 2|?5 mf,"; 
have been inoculated with the massive stanH strain C 58 that 

I have all developed leukemia In the Ii^ht oTthn^^^ 
susceptibility ot strain C 58 to leukemlc'’«ils o^lineT ® 
fully established The present experiments sterJe,! 
are based on 100% susceptibility to the standard dose " 
it has been shown previously" that between ren-tutr. i 

for an immunizing effect ot surviving the small doses 

hne I, 346 transter generations later, the virulence of the ceh Lh 
become considerably enhanced and it now is found that thf ^ 

^ dose that will kill is reduced to the order of magnitudTof 
-00 cells In successive dilutions of the massive standarrt ^ ^ 
the interval before death is progressively lengthened as nrev 
reported,^ but a dilution is reached (l/1024th of kndLdT^ ^' 
permits a few of the mice to survive and as the dose is furth 
duced the proportion of survivors increases until everv mr. 

V..e8 (l/524,mh of Slaudard) The percentage var?a„„„ ?„ ""J,' 
number of different doses of a highly dilute suspension is DroLhL 

Utichter, \L X, and MacDowell, E C , J Exp Jfed7T93(r5^~;5r^ ~ 

J S , and Bichter, iL N , Proc A’al Acad 5c, 1032, 18, 298 ' ’ ~ hotter, 

- Bichter, iC Jf , and WacDovreU, EC,/ Exp ited , 1933 ^ 57 ^ 
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ver>' great, yet the consistency ot the biological results from dif- 
ferent dilutions bespeaks a fair approximation of the actual to the 
theoretical cell content 

Survivors of small doses were found to be resistant to progress- 
ively larger doses until the standard dose (in the order of 80 million 
cells) was given without harm In some cases considerable growth 
of the cells inoculated m the first and second treatment was mdicated 
by large spleens and general sickness followed by recovery, but m 
most cases there was no clinical evidence of any growth of the 
inoculated cells 

The results of inoculation with various dilutions and repeated 
reinoculation of survivors are given in Table I Numbers m the 

table I 

Dilute Doses of Leukemic Cells (Line I) m Mice of Strain. C58 

S = Standard dose, dilubons of standard dose indicated bv negative exponents 
of I, 2 3 ireeks betneen successive doaes 


Standard dose not given 

Standard dose given 


Treatment 

Death 

Survival 

Treatment 


Death 

Survival 

—1 

4 

0 

S (3% vears) 


2925 

0 

^2 

4 

0 

— 5, S 


0 

S 

—2 5 

4 

0 

—7, S 


o 

13 

—3 

25 

0 

—7,— 3, S 


0 

1 

— 4 

24 

0 

—7,— 5, S 


0 

2 

—5 

24 

8 

— -9, — 5, S 


1 

4 

—6 

25 

7 

— — -5, — 3, S 


0 

1 

—7 

25 

37 

—7,— 5,— 3, S 


0 

12 

—8 

o 

o 

—9,— 7,— 3, S 


0 

6 

—9 

9 

83 

—9,— 7,— 5, S 


1 

9 

—95 

0 

48 

—10 -7,-5, S 


0 

4 

—10 

0 

8 

— — 7f — 5, — 3, 

s 

0 

o 

—11 

0 

4 

—7,— 7,— 5,— 3, 

s 

0 

2 




—7,— 9,— 7.— 5, 

s 

0 

i 

-9,-5 

3 

5 

— 8, — 9, — 7, — 5, 

s 

0 

o 

—9,— 7 

3 

46 

—9,— 7,— 5,— 3, 

s 

0 

16 

—9,— 9 

o 

24 

—9,— 9,— 7,— 5, 

s 

0 

o 

—10, —7 

i 

7 

—10,— 7,— 5,— 3, 

s 

0 

3 




—11,— 7,— 5,-3, 

S 

0 

4 




“”9, -^7^—5, 

S 0 

22 


Total 114 


columns headed treatment indicate dilutions of the standard dose 
(S) , these numbers are negative exponents of 4, so that — 1 indi- 
cates a dilution of J^th and —11, 1/4, 194,304th of the standard 
dose The interval between successive inoculations was usually 2-3 
weeks Mice sunuving doses less than standard (entered in the 
left hand side of the table) in most cases reappear m the right hand 
side Animals listed as survivors of the standard dose have shown 
no sign of leukemia for at least 16 days, this is 4 times the interval 
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Immunization of Mice Naturally Susceptible to a Transplantable 

Leukemia. 

E C MAC DOWEIiL, M J TAYLOE and J S POTTER. 

From the Department of Genetics, Carnegte Ziiglitutios of Washington, Cold 
Spring Barbor, Xew Yorh 


The transplantable leukemia designated as line P w as started from 
a spontaneous case of lymphatic leukemia m April, 1929 The line 
has passed through 441 transfer generations and, by routine tech- 
nique, has been inoculated in massive doses into 3625 mice of the 
highly inbred strain C 58, all but one of these died with the leukemic 
indications characteristic of this particular line of cells The single 
sunnvor, which at no time showed clinical effects of the inoculation, 
was inoculated in the 77th transfer generation, m December, 1930 
In the 3^ years since that time, the 2925 mice from strain C 58 that 
have been inoculated with the massive standard dose of cells of line 
I have all developed leukemia In the light of this record the natural 
susceptibility of strain C 58 to leukemic cells of line I appears to be 
fullv established The present experiments, started in April, 1934, 
are based on 100% susceptibility to the standard dose 

It has been shown previously- that between certain limits, reduc- 
tion of the dosage lengthens the interval before death, and in the 
early transfers of line I that were used for these experiments (trans- 
fers 27-34, Jan -Mar , 1930) the 18 mice guen doses of 6000-9000 
cells did not die with leukemia However, these mice were not tested 
for an immunizing effect of surviving the small doses 

In returning to the study of small doses of the leukemic cells of 
line I 346 transfer generations later, the virulence of the cells had 
become considerably enhanced and it now is found that the mim- 
mum dose that will kill is reduced to the order of magnitude of 
200 cells In successive dilutions of the massive standard dose 
the mterval before death is progressively lengthened as previously 
sort'd" but . d.lut.o„ ,s reached (l/1024.h of standard) that 
nermits a few of the mice to survive and as the dose is further re- 
duced the proportion of survivors increases until ever> mouse sur- 
^ves ( 1/524 ^h of standard) The percentage variation m cell 
number of different doses of a highly dilute suspension is probably 

Exp Med. 1930, ^23, Potter, 

. nir k N Pro. Xat Acad Sc, 1932, 18, 298 
.B^hter, M. and MticDowell, E C., J Exp Mod, 1933, 57, 1 
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very great, yet the consistency ot the biological results from dif- 
ferent dilutions bespeaks a fair approximation of the actual to the 
theoretical cell content 

Survivors of small doses were found to be resistant to progress- 
ively larger doses until the standard dose (in the order of 80 million 
cells) was given without harm In some cases considerable growth 
of the cells inoculated m the first and second treatment was indicated 
by large spleens and general sickness followed by recovery, but in 
most cases there was no clinical evidence of any growth of the 
inoculated cells 

The results of moculation with various dilutions and repeated 
reinoculation of survivors are given in Table I Numbers in the 

TABLE I 

DJute Doses of Lenkermc Cells (Line I) in Mice of Strain CoS 
S = Standard dose, dilubons of standard dose indicated bv negative exponents 
of 4 , 2 3 iveeks betiveen successive doses 


Standard dose not given 

Standard dose given 


Treatment 

Death 

Survival 

Treatment 


Death 

Survival 

—1 

4 

0 

S (3% years) 


2925 

0 

2 

4 

0 

'““Of S 


0 

8 

—25 

4 

0 

—7, S 


2 

13 

—3 

25 

0 

7y — 3, S 


0 

1 

—4 

24 

0 

-7,-5, S 


0 

2 

—5 

24 

8 

—9,— 5, S 


1 

4 

—6 

25 

7 

—6,— 5,— 3, S 


0 

1 

—7 

25 

37 

—7,— 5,— 3, S 


0 

12 

—8 

2 

2 

—9,— 7,— 3, S 


0 

6 

—9 

9 

83 

—9,— 7,— 5, S 


1 

9 

—95 

0 

48 

—10 —7,— 5, S 


0 

4 

—10 

0 

8 

—6,— 7,— 5, —3, 

S 

0 

2 

—11 

0 

4 

—7,— 7,-5,— 3, 

S 

0 

2 




—7,— 9,— 7,— 5, 

s 

0 

i 

— y, — i) 

3 

5 

—8,— 9,— 7,— 5, 

s 

0 

2 

-9,-7 

3 

46 

—9,— 7,-5,— 3, 

s 

0 

16 

-9,-9 

2 

24 

—9,— 9,— 7,— 5, 

s 

0 

o 

—10, —7 

1 

7 

—10,— 7,— 5,— 3, 

s 

0 

3 




—11,— 7,— 5,— 3. 

s 

0 

4 




—9,— 9,— 7,— 5,-3, 

S 0 

22 






Total 

114 


columns headed treatment indicate dilutions of the standard dose 
(S) . these numbers are negative exponents of 4, so that — 1 indi- 
cates a dilution of l4th and —11, 1/4, 194,304th of the standard 
dose The interv'al between successive inoculations was usually 2-3 
weeks Mice surviving doses less than standard (entered in the 
left hand side of the table) in most cases reappear in the right hand 
side Animals listed as survivors of the standard dose have shown 
no sign of leukemia for at least 16 days , this is 4 times the interval 
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between inoculation and death of the controls 
vivors of the standard dose have been under 
least 3 months 


At present 58 sur- 
observation for at 


mern^rtS d sanations m procedure prevent any simple state- 
ment of the degree of success obtained, the phenom^on of active 
immunization of mice naturally susceptible to massive doses of a 

mic th appears to be established b> the 114 

t 1 immunized to resist the standard dose, m con- 

tost to the 2925 non-immumzed mice of the same strain that have 

been inoculated since 1930 with the same standard dose without a 
single survivor wmiuui a 
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Vaccination of Rabbits Against Jntradermal 

Infection 


Pneumococcus 


JOHN A KOLMEE and ANNA iL RULE 
From the Seeecrch Inei^tute of Cuianeoue Medicine of PMladelph:a 


A vaccme ot Type I pneumococcus was prepared by cuitivatina a 
highly virulent strain in broth for 24 hours at 37°C The 
was thoroughly centrifuged, the supernatant broth discarded 
the pneumococci suspended m stenie distiUed water to mve annro7 
lately 1000 million per cc This suspension was heaZ 
for one hour, cultured for sterility and preserved with 
tncresol 


Similar vaccines were prepared of Type If and Type III nneu 
mococa ^ 

Residts with Type / Vaccine Six adult rabbits were given 1 cc 
of Type I pneumococcus vaccme per kilo of weight by suLutaneous 
injection every 5 days for 5 doses One week after the last dose all 
along with 2 controls, were inoculated mtradermaliy with 0 2 cc f 
18-hour broth culture after the method of Goodner * The control 
developed the typical local lesions, associated septicemia fever 
leukocytic changes, etc., and succumbed 4 to 5 days after the ' 
lation 

All of the 6 vaccinated rabbits survived Local lesions of 1 ht 
to moderate severity developed in all with positive cultures of Ae 
edema flmd over 1 to 2 days following inoculation which were 
thereafter sterile Daily blood cultures were negative m 5 animals 


1 Goodner, K , J Exp 2Ied , 1928, 48, 1, 413, 1931, 54, 847 
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in 1 the blood culture was positive 24 hours after inoculation and 
thereafter negative Mild to moderate fever with slight leukocytosis 
developed in all over a period of about 3 days and then reached 
normal 

Two rabbits were given 2 cc ot the vaccine per kilo ever} 5 days 
for 5 doses by subcutaneous injection When inoculated intrader- 
mally one week after the last dose both survived with negative blood 
cultures throughout The local lesions w'ere mild with positive cul- 
tures of the edema fluid only once 24 hours after inoculation in both 
animals 

Four rabbits were given 1 cc of the vaccine per kilo every 5 days 
for 5 doses by stomach tube and inoculated intradermally 5 days 
after the last dose Three developed typical local lesions wuth the 
associated septicemia, feier leukocytic changes, etc and died about 

4 days after inoculation one developed a local lesion ot moderate 
seventy with 2 positive blood cultures but survived 

Four additional animals received 2 cc per kilo e' ery' 5 day s for 

5 doses by stomach tube When inoculated intradermally 5 days 
after the last dose 2 survived after moderate local lesions with 2 
positive blood cultures, while the remaining 2 died with severe local 
lesions septicemia, etc about 5 day s atter inoculation 

Mouse serum protection tests were not conducted because as 
stated by Goodner and Stillman" the 2 factors do not necessarily 
parallel each other 

Results until Type 11 Vaccuie Two rabbits were given 1 cc and 
2 additional animals 2 cc ot vaccine per kilo every 5 days tor 5 
doses by subcutaneous injection Two were given 1 cc and 2 addi- 
tional animals 2 cc per kilo every 5 days lor 5 doses by stomach 
tube Five days alter the last dose all, including 2 controls wer. 
given an intradermal injection of 0 5 cc of an 18-hour broth culture 
in 2 injections closely spaced 

Both controls and all vaccinated animals surviv ed Among the 4 
animals receiving subcutaneous injections ot the vaccine the local 
lesions however, were much less severe Among the 4 receiving 
the vaccine by stomach tube the local lesions were approximately 
equal to the controls 

All animals including the controls gave 1 or 2 positive blood 
cultures during 72 hours following inoculation but thereatter sterile 
cultures Among the vaccinated animals and particularly those re- 
ceiving subcutaneous injections of vaccine, the fever and leuco- 
cytosis were appreciably less than observed with the controls 
= Goodner, K , and Stillman, EG,/ Eap Ked , 1933, 68, 195 
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Results li'ith Type III Facane Two rabbits were given 1 cc 
and 2 additional animals 2 cc of vaccine per kilo every 5 days fo- 
5 doses by sulicutaneous injection Two were given 1 cc and - 
additional animals 2 cc per kilo every 5 dajs for 5 doses by 
stomach tube All, including 2 controls, were given an intradermal 
inoculation ot 0 5 cc ot an 18-hour broth culture 5 days after the 

last dose . , i , 

All ot the \accmated animals and one control survived while the 

remaining control succumbed with a severe local lesion, septicemia 
and associated fever and leukocj tic changes The surviving control 
developed a moderately severe local lesion with 2 positive blood cul- 
tures The 2 animals receiving subcutaneous injections of 1 cc ot 
vaccine developed moderatelj severe local lesions with 2 positive 
blood cultures but the 2 recenmg the 2 cc dose developed milder 
local lesions vi ith sterile blood cultures The 2 animals receiving the 
1 cc dose of vaccine per kilo by stomach tube developed moderate 
local lesions and positue blood cultures (1 had 2 and the second 4) 
but ultimatel) recovered The 2 receiving the 2 cc dose per kilo a so 
had moderate local lesions with 2 positive blood cultures but also 

^'^Sodter- has reported that one intravenous injection of 10 cc of 
aneNtrlnely heavy suspension of washed heat-killed v accine of Type 
I pneumococcus i-accine protected rabbits against the loi^l and asso- 
ciLd lesions and tound protective antibody in the blood 5 days 
imer In onh 1 rabbit out of 8 was this immunity found to last for 
9 months Stillman and Goodner^ have also given 6 rabbits intra- 
venous injections of a heat-killed vaccine containing T>pe I II and 
ni in equal proportions All survived when insulated intridemally 
af er the last injection, whereas 3 controls died 1 to 4 davs a ter in- 
oculation Additional rabbits given intravenous injections ot pneu- 

rSccus autolysate developed a lesser degree of resistance to intm- 
mococcus d / immunity was found highlj specific 

hlXo.. 

\vl nreferrS to use subcuta„«.«s injections because adapted to 
\ve picic of human beings Oral immuniza- 

practical use m e * because previous mv estigations by Ross® 
“ 'r ^iHoS ,s m rats and ,v. have also ^ound it 

so™*r.«e«r.n the i mmnn.sation of tabbits- and monU's ■ 

Immunol, 1926 12 219 237 

j """ """ 

24, 273 a T, iis i M Proc Soc. Esp Bioiu and Med 1932 30, 

dKolmer, J V , md Hule, A iU, PR<- 

107, 1933, 31,2-15 
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Apparently very large doses of vaccine are required by either route 
of administration and the resulting unmunitj' is apparentl}' of short 
duration. 

Siuinnary 1 Rabbits have been successfully vaccinated by 5 sub- 
cutaneous injections of a heat-killed aqueous suspension of Type I 
pneumococcus vaccine against fatal mtradermal pneumococcus infec- 
tion 2 When the vaccme was given by stomach tube about 38% 
of rabbits survived 3 With Type II vaccine all animals including 
the controls survived following mtradermal pneumococcus infection 
but the local lesions, septicemia and associated febnle and leukocytic 
changes were less marked among the immumzed animals and espec- 
ially those receiving 5 subcutaneous injections of vaccine 4 All 
rabbits immunized with Type III \accine by subcutaneous and oral 
admimstration survived along with 1 out of 2 controls followmg m- 
tradermal infection The local lesions and associated fever and 
leukocytosis were milder among the \'accmated animals than in the 
controls and especially among those immumzed with subcutaneous 
injections of vaccme 
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Chemotherapy of Intradermal Pneumococcus Infection of Rabbits. 
Elffects of Optochm and Other Quinine Compounds 


JOHN’ A KOLMEH asd AXXA M BHLE 
Fram the Sesearch Institute of Cutaneous Medicine of Philadelphia 


Rabbits were inoculated mtradermallj with 0 2 cc of 18-hour 
broth cultures of a highly virulent T>pe I pneumococcus atter the 
method of Goodner ' 

Immediately after 2 rabbits were given 0 005 gm optochm base 
(Merck) and 2 additional animals 0 01 gm per kilo by stomach 
tube and the doses repeated every 6 hours o\er a period of 3 dajs 
There w'as no appreciable influence upon the local lesions, tempera- 
tures, leukocytic changes positive blood cultures or cultures of 
edema fluid All animals succumbed in from 4 to 5 days 

Two rabbits w'ere given optochm base in dose of 0 01 gm per kilo 
e\en 6 hours for 4 doses before intradermal inoculation with pneu- 

= Kolmer, J A , and Buie, A M , Pkoc Soc Eip..Bioi.. and Med 1933, 31, 
243 

> Goodner K , J Exp Med , 192S, -48, 1, -llS , 1931, 54, S17 
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mococcus and then ever> 6 hours thereafter for 4 additional doses 
The compound was without appreciable effect upon the local lesions, 
associated septicemia, etc , and both succumbed m 4 days 

Tmo rabbits were given opiocltin base suspended in oil by intra- 
muscular injection in dose of 0 01 gm per kilo immediatelj after m- 
tradermal inoculation with pneumococcus and repeated every 24 
hours for 3 additional doses Both succumbed about 4 days later 
with no appreciable effects upon the local lesions, associated septi- 

‘'Two Sbbits uere given ethyhydrocnprcm hydrochloride dissolved 
mw^er by mtramus'^ular injection in dose of 001 gm per kilo im- 
mediately after intradermal inoculation with pneumococcus and 
neated daily for 2 additional doses Both animals succumbed be 
tvveen 3 and 4 days alter inoculation with no appreciable eftects upon 

ac^tube in dose ot 0 01 gm per kilo immediately after intraderma 
inoculation with pneumococcus and the dose repeated everj 6 hours 
for 6 additional doses Two additional animals were given the 
° ^ I fhe same dosage by intramuscular injection im- 

nLfaflon and rapaa.ad even 6 hour, 
mediate y a ^ animals succumbed m about 4 days 

wdb n^appr "clble effects upon the local lesions and associated sep- 
ticemias. fever, ,aoaulated intradermally at the same time 

Two with dad, positive cultures of 

developed t yp y^od cultures, leukocytic and febrile 

edema fluids, y P , ^ ^ 5 gays after inoculation 

changes and suKi ethyhydrocuprein hydrochloride and 

summary ^.^tocSrile administered by stomach tube and 
quinine and urea y repeated doses had no appreciable cura- 

by intramuscular inj jgsions, associated septicemia, fev er or 

tive effects upon rabbits by the intradermal inocula- 

r(rodnToU"rt;";ip-m^°— 
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Sulphates of Sodium and Magnesium on Gastro-mtestmal Activity 

GEOEGE B BOTH Aim PHOEBE J CHITTEKDEN 

From the Department of Pharmacology and Therapeutics, The George Washington 

University 

Our experiments were designed to ascertain the effects of the 
sulphates of sodium and magnesium on the gastro-mtestmal tract of 
unanesthetized dogs, each having a gastric and intestinal fistula 
Rozen and Perusse^ using unanesthetized dogs with a gastric fistula 
reported on gastric activity several hours after the use of magne- 
sium chloride but other similar work has not been noted 

Tw'o female dogs, S and B, were used as subjects The fistulae 
were made after the manner of Thirjr (intestinal) and Carlson® 
(gastnc) m a 2 stage operation The animals were in good physical 
condition Food was withheld for 18 hours prior to an experiment, 
but water was allowed ad hbitiim Both subjects were trained to he 
quietly during the experiments Our experiments will be descnbed 
under 2 series since the technic in each differed 

Senes I — ^This series deals with the effects of the sulphates of 
sodium and magnesium on gastro-mtestmal actnity when the 
salines were placed m the stomach, graphic records (smoked paper) 
being obtained from both stomach and intestinal segment by means 
of balloons and soap water manometers The salines w'ere usually 
given after a normal record of about 1 hour had been procured 
The controls for this series w’ere of 2 kinds (a) wuth the stom- 
ach empty and (b) with the stomach containing 0 85% sodium 
chloride 

Results Isotomc sodium or magnesium sulphate (25 to 50 cc 
amounts) in contact w’lth the gastric mucosa was wuthout note- 
worthi effect on gastro-mtestmal activity Hypertonic (5 times) 
solutions of magnesium sulphate, however, depressed both gastnc 
and intestinal movements slightly but were without effect on in- 
testinal activiU' Hypertonic sodium sulphate (5 times) appeared 
to increase intestinal activity about 30% 

Senes II — Senes II deals w ith the effects of the above salmes on 
the gastro-mtestmal actnit\ of dogs S and B when the salmes were 

I Bozen, J S , and Peruaafe, G E , Am 3 Physiol 1929, 01, 29S 
^Thirr, Sitegshr d Wiener Acad Hath Sat Husl , 1S64, 50, 77 
3 Carlaon, A J , “The Control of Hunger in Health and Disease, ” tTniversity 
of Chicago Press, 1916, -12 
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placed m the loop of the 

rlTfistula wi dlreclU connected to the manometer The esaennal 

small stopper carrjing » g'“> ^ i„be (dog S) Be- 

Sstula (dog B) or a ru er^ ^ leservoir into which the 

tween the manometer a contractions 

solution from the „1 dram into the segment 

occurred and from w occurred The manometer was the 

of intestine when This method of recording m- 

same t>pe used m th ^ essential, since there is no escape of 
nuid as in rbahoon method, thus making long obserr^ations pos- 

sible from experiments of 4 hours duration 

^rtlre Llphate solutions were either interspersed between 
,n which the ,t, each saline being left in the m- 

phvsiologic saline o ^ rpj^^ hypertonic solu- 

testmal fistula *“ “^fooncentritcd than tw ice hypertonic Distilled 

“"Ir'tS "housed in a few experiments 

RcsuUs Soiiiur'--"" noteworthy effects 

(„l«/,«is-HvWrmi.ir sor/mii. Monde md d, sidled sealer Dis- 
Iiitcstiius I only a slight increase m movements, 

tilled water m genera ^ amplitude was doubled w'hen 

except in 2 eNpenments m B t Hypertonic sodium 


wt 


■riments m — r 

erwm.r cindium chloride Hypertonic sodium 
used following iso amplitude over the normal but slightly in 
chloride increase others the amplitude w'as increased 8 

some instances, w ere average being about 3 times There 

times that of the con ’ ^ minutes in the fluid content 

was also a temporarr^ increase tor 

of the intestine ^lagnesinm sulphate The 

Isotonic sodium snip , the activitr to twice that of the 

isotonic sodium su pha e whether it preceded or fol- 

control sodium <^hlor'ae s magnesium sulphate stimu- 

lowed the magnesium s P ^^^rol When isotonic 

lated the activity to ^^^mnic magnesium sulphate the usual 

sodium cliloride , chloride were absent Both isotomc 

basic effects °^/°'°;;;“^lphate increased the fluid content of the 
magnesium an so 
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FiO 1 

Effects of vanous isotomc sabnea on gastnc intestinal loop activity on un 
anesthetized dog (Bnndle 12% kg Female 12/22/33 ) 

Tune in 0 seconds Tracings as follows Upper left, isotonic sodium chloride, 
upper right, isotonic magnesium sulphate, lower left, isotonic sodium chloride, 
lower nght, isotomc sodium sulphate 

The upper traemgs were taken one half hour, lower tracings about 45 minutes, 
after the sabnea were placed m the mtestmal loop 

intestines, the effects lasting throughout the expenment. The mag- 
nesium effect was the more marked 

Hypertonic sodium sulphate and hypertonic magnesium sulphate 
The magnesium sulphate (twice Inpertonic) caused a stimulation 
of intestinal actuity 9 to 10 times that of the control (isotomc 
sodium chloride) The sodium sulphate (twnce hypertonic) in- 
creased the actu lU about 8 times w hen it preceded the magnesium, 
and about 12 times when it tollowed the magnesium 
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Lactic Acid Determination 


When isotonic sodium chloride followed hypertonic magnesium 
sulphate the usual contractions present during sodium chloride were 
absent m some experiments and present in others The fluid con- 
tent of the intestine was markedly increased with each of the hyper- 
tome solutions but slightly more so after the magnesium The mag- 
nesium also appeared to lower the tone of the intestine 

Specific effects of both magnesium and sulphate ions have thus 
been demonstrated as well as the usual osmotic effects 
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DeterminaUon of Lactic Acid in Presence of Certain Interfering 

Substances. 

EVAN W MO CHESNEY (Introduced by W deB MacNider ) 

From the Department of Physiology, University of North Carolina 

Probably the best technique now available for the determination 
of lactic acid is that of Friedemann, Cotonio, and Shaffer^ as modi- 
fied by Fnedemann and KendalP and, more recently, by Friedemann 
and Graeser® There are certain substances which interfere with 
Ae lactic acid determination, tliese have been listed m the original 
and some of the subsequent articles .Some of these substances, 
nntnhlv the sugars, may be removed from solution by the copper sul- 
fate-c^lcium hydroxide procedure = Appreciable amounts of others, 
however, remain in solution even after this treatment Important 
.r^nmle^ of these substances are mahe and citnc acids, both of 
t. if a-, VP laree Yields of bisulfite-bmding substances under the 
which g oxidation of lacUc acid to acetaldehyde In 

conditions Ue ^ j^odifications of the conditions it is possible to 
fact, by nuantitative yield of acetaldehyde from malic 

OiTm 93% ) * The product formed by the oxidation of citric 
acid (9U / J D jyjd by the lactic acid method a yield of 

T";'6oToT the S^^^^^^^^ However, both 

and^citnc acids may be quite completely removed from solu- 

A., / Biol Chem, 1927, 78, 

335 n, E and KendaU, A. L, J Biol Chem., 1929, 82, 23 

, Enedemaim, T ^ J 3 , J Bml Chem., 1933, 100, 291 

E, observations 

*MoChesney. B ^ 00 . 1938, 56, 1722 

B Knyper, A. 0 , 
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tion by means of basic lead acetate as follows An amount of solu- 
tion thought to contain 20-50 mg of lactic acid and any reasonable 
amount of the interfering substance is placed in a 100 cc volumetric 
flask, and diluted to a volume of about 50 cc A drop of aqueous 
phenol red is added, then 10% NaOH is added drop by drop until 
the solution is neutral followed by one drop excess A saturated 
solution of basic lead acetate (Haden) is added in 5 cc portions 
until there is an excess , usually 5 cc is sufficient and a large excess 
is to be avoided Zinc ions should be absent from the solution as 
some precipitation of lactic acid seems to result if they are present 
The solution is now diluted to the mark, mixed, and filtered Lactic 
acid is determined m the usual way on aliquot portions of the fil- 
trate With the addition of the MnSO^-HaPO^ reagent, a precipi- 
tate forms and this causes some bumping during the subsequent boil- 
ing but does not seem to interfere otherwise Table 1 shows the 
completeness of the separation of lactic and mahc acids by this 
method 


TABLE L 


ilg lactic acid 
m 100 CO Tot 

Idg malic acid added 

ilg lactic acid found 

408 

0 

40 8 

0 

100 

0 8 

20 4 

100 

20 3 

40 8 

100 

40 1 

816 

100 

78 6 

122 4 

100 

119 4 

40 8 

20 

40 2 

40 8 

50 

40 0 

40 8 

75 

40 2 


The average recovery of lactic acid from the mixtures was 98% 
Other substances Of the other substances reported in the onginal 
article ^ to mterfere with the lactic acid determination, the follow- 
ing have been found to give precipitates with basic lead acetate when 
10 mg of the substances are present in the final volume of 100 cc. 
tartaric acid, citnc acid, tyrosine, cystine, and maleic acid The 
following have been found to yield precipitates with basic lead 
acetate when 5 mg of the substance are present m the final volume 
of 100 cc. tartanc acid, citnc acid, tyrosme, and cystine (trace) 
The sugars glucose, fructose, xylose, galactose, and arabinose are 
of course not precipitated This method is not likelj to be of value 
in eliminating the various interfering alpha-hydroxy acids since in 
addition to lactic acid, alpha-hydroxy isovalenanic acid is not precip- 
itated, nor IS the aad derived from the deamination of leucine 
(alpha-hydroxy isocaproic acid) 
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of TncWla » . No.u.al aod an Eapan- 

G W BACHMAIT aot J OLIVEB. (IntTodncea by S A. Koaer ) 

^ ^ ParcL^tolony of the School of Tropicd JfedvciM of the 

'"“pis j'". ’ 

Meas„,en>=n.s 

spirahs consecu ney^^ (Senes A) comprising 14 

^rfo mbbit^ the strain was passed successively from rat to 
rats and 10 rabbiw, ^ ^ intervals 

"^/S'dlvTea'ch. The initial dose of tnchmous meat was taken 
of 20 d y a n„ infested rabbit, and in each case consisted 

from deLrmined previously on another senes of ani- 

of a sub-lethal do^. d P 

mals At the their tnchmous flesh was then 

Med, and " “‘^““iSn^eapaovdy, , a , .he rat flesh .o the 
fed to a Jo tjie rabbit This process was repeated 

rat, and the .tnrdis strain had completely died out or could 

nntfl the “h.ch happeLd after fl,e fifth feed- 

„ot be detected ,n the mbb.u, 

mg, but in the i ' progressively increased and the worms 

used, the num er emfect normal rats after having been passed 

retained their f o^ months 

through rats m succ /Cg^ies B) of 13 rabbits and 22 rats, the 
In the second senes before, except that in this case the 

same experiments taken from a rat instead of from a rab- 

mitial triclunous mea former experiment, the strain died out 

bit In this series, as m ^ feeding while again, in the rats 

m the rabbits at the en ^ continued to increase, and 

the number of worms p j,j^g the muscles ot new hosts after 

retained their ° 

a penod of H niontn ^ conclude that when the worms 

From tlus expenmen themselves to conditions m the 

invade the natural "“^^j^^jjfyjrulence and power to penetrate mus- 
hvmg bod) and retain ^^^d numbers on successive pass- 


age 
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HSIEN’ WU 

From the Department of Biochemistry, Feiping Union Medical College 


Cephalin is known to accelerate clotting of blood In Howells 
theor}^ ot blood coagulation a thromboplastic substance (or throm- 
boplastem) is liberated trom the platelets or tissues when tlie blood 
IS shed This thromboplastic substance is supposed to combine w ith 
anti-prothrombin (hepann^), setting free prothrombin which is 
converted bv calcium into thrombin The thromboplastic substance 
is tat-soluble and appears to be cephalin The theories ot iSIoraw itz" 
and of BordeP are essentialK similar to that ot Howell The 
thrombokmase of ^lorawutz is only a different name tor the same 
substance as the thromboplastem ot Howell, while the citozyme of 
Bordet is believed to be a lipoprotein In AIill’s theon^ of blood 
clotting, thrombin is a protein-calcium-cephalin compound and the 
fibrin is a protein-calcium-cephahn-fibrmogen compound It this 
view is correct, clotting is impossible in the absence of cephalin, 
while according to the other theories clotting can still occur in the 
absence ot hpoid, once the prothrombin has been comerted into 
thrombin 

Hard} and Gardiner* tound that plasma which had been freed 
trom lipoids bv extraction with alcohol in the cold clotted normal!} 
This seems to suggest that hpoid is not necessary for clotting How- 
e\er, this observation ot Hard} and Gardiner was onh incidental to 
their studv of tat-free serum proteins and the} did not mention 
how the clotting w'as induced Their clotting mixture must have 
contained some hpoid because the clotting agent, be it serum or 
thrombin, prepared in the usual wav, could not be lipoid-tree It 
would be desirable to studv the clotting phenomenon in the entire 
absence of hpoid 

Preparation of material Lipoid-tree plasma and serum were pre- 
pared essentialh according to Hew itt s method'* described in detail 
elsewhere Oxalated plasma was used In one experiment the oxa- 

1 Howell, W H , Bull Johns Bopktns Sosp , 1928, 42, 199 
= Morowitz, P , Ergcl) Physiol 1905, 4, 307 
^Bordet J, auu i Inst Pasteur, 1920, 34, 5G1, 

* 5 I 1 II 3 , C V , and Guest, G M , Am J Physiol , 1921, 57, 395 
■> Hardv, "W B , and Gardiner, S , J Physiol , 1910, 40, bmu. 

•' Huvitt, L P , Bwchcm J , 1927, 21, 216 
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Clotting of Plasm \ in the Absence of Lipoid 

Nr::!*: - 


~ oi;' r: ~ rj;y 

nat4 proTe.;'" “>■ -“'“We (I 

Jad S “ o' O^ro NaCI aer. 


a 

b 

c 

tJ 


1 cc natural serum 
1 cc fat-free serum 
1 cc 2 5% CaCL 


5 drops of 5% ethemi solution of plasma hpoid This was 
recovered from the ether-alcohol filtrate m the oreDarr 
tion of fat-free plasma and serum Most of the hpoid 

e 1 cc 4'rr Jl ^^nroved by filtration 

Toaacho,tl,eabcn am,Mure=lcc of lat-free plasma uas added 
In a similar senes of eaperiment. nalural plasma was user The 

results are shown m the accompanying table 


table i 

CoaKulation of natural plasma and hpoid frw 

plasma 

Clotting agent 

Natural plasma 

Fat free plaama 

Natural serum 

Lipoid free serum 
Calcium 

Lipoid 

Calcium hpoid 

-1- 

-f- 

-t- 

+ 

+ 

+ 

+ 

+ Indicates clotting — — — ^ 


natural 


The clotting of fat-free plasma with natural serum 
plasma with fat-free serum is to be e\pected, since 
tures all the plasma constituents are present ' The 1 
fat-free plasma with fat-free serum demonstrates that°j^'”^ 
essential for the formation of the clot How'ever tlf° f 
plasma does not clot on calcification as the natural I ^ 

Onl) w'hen both calcium and hpoid are added was 
the fat-free plasma induced Addition of hpoid alnn^. ^ of 

could not induce clotting ^ '^e plasma 

Conclusion From these obsenations we must co I 
lipoid as well as calcium is essential for the activation of"th*^°h 
bin but once this is formed the presence of hpoid is not nere^o™"’' 
irWu/B^~Chin7se~J~Physiol^ls33^1t^^^ ~ 
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Differences in Susceptibility to Ultraviolet Radiation of Para- 
mecium Caudatum zmd P Bursana. 

vr vr AlPATOT AND O BL XASTJUKOVA. 

From the Zahoratory of Ecology, Institute of Zoology, University of IIoscow 


I In our previous paper^ we were able to show that the influ- 
ence of ultraviolet radiation on P caiidatitui can be expressed by 
the Amdt-Schultae’s law Since the body of P bursana is full of 
green sjonbiotic algae, it seems worth while to compare the suscep- 
tibility of 2 species of Infusona, differing m body coloration and 
hence m absorption of radiation 

TABLE L 


Averages and Probable Errors of the Xnmbets of Offspring of Infusona in the 
First Senes of Experiments 


Duration of radiation 
sec 

Paramecium caudatum 

Paramecium bursana 

Control 

100^ ± L77 

97 6 ± 2 00 

40 

85 6 i: 167 

110 4 ±3 39 

80 

69 0 ± L70 

98 4 ± L18 

160 

45 8 ± L47 

74.0 ± 2 61 



Fra 1 

Curves showing the relationship between the division rate and the doses of the 
ultraviolet radiation The dotted part of the curve for F caudatum is founded 
on the data of our preceding paper (1933) 

> Alpatov, W W , and Xastjutova, O Protoplasma, 18, Xo 2 
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Susceptibility to Ultraviolet Radiation 


2 As a source of light was taken a quartz mercury vapour 
burner of Hereus Hanau, 110 volts of alternating current and 6-7 
amp at a distance of 35 cm from the animals under quartz Petri 
dishes filled with water 0 5 cm deep The control animals were 
put imder glass dishes to absorb the ultraviolet part of the spectrum 
An oatmeal medium containing Bacillus subtihs was used The first 
series consisted of 5 separate experiments of about 160 specimens 
each After keeping them for 24 hours at a temperature of 25 °C 
on slides with hollow’s their progeny were counted The second 
series of experiments consisted m submitting the same cultures to 
repeated radiations on consecutive days, keeping the number of 
parental ammals equal to 192 The number of the progeny of each 
specimen in the first series was expressed in per cent of the average 
number of the progeny ot the control of the corresponding experi- 
ment 



Fm 2 

Cnrve* Blowing the reenlts of raaiabone repeated on 7 coniecuhve daya 
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These data show that a radiation of 40 seconds produces in P 
candatum a depression of the division rate and the zone of stimula- 
tive action IS therefore located between 0 and 25 seconds The 
curve for P biirsaria goes above that of P caudatwn and corre- 
spondingly the zone of stimulation is extended more to the nght 
somewhere between 0 and 80 seconds On the whole P candatum 
IS about 2 times more susceptible to the stimulative and depressive 
action of the ultraviolet radiation as compared with P bursana 

The second series of expenments dunng the first 3 days confirms 
these conclusions 

Beginning with the fourth day the susceptibility of P bursana 
turned out to be practically the same as that of P caudatum The 
explanation is as follows During the whole period of experimen- 
tation the cultures were kept in darkness and microscopical obser- 
vation has shown that P bursana has lost almost completely the 
green color of the symbiotic algae It seems therefore that the 
presence of pigmented algae is the cause of a greater resistance of 
P bursana against the influence of the ultraviolet radiation 
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Oestrus in Hypophyaectomised Rats Parabiotically Connected 
with Castrates 

emui witschi aki> w t levjlse 

From the State University of Iowa 

It IS known that unoperated female rats, when united in para- 
biosis with castrates, first pass through a period of irregular oestral 
and anoestral activity and later go into a condition of constant 
oestrus Hill^ has reported that during this second period the 
ovaries always contain large numbers of mature follicles but no 
corpora lutea On the contrary m the first period the ovaries are 
crow'ded wnth corpora lutea which, especially during prolonged an- 
oestral phases, are increased in number far beyond anything ob- 
served under normal conditions Cryptorchid males (Martins') as 

* Thii investigation was supported by grants from the Committee for Eesearch 
m Problems of Sei of the National Research Council 
1 Hill, R T , Endocrinol , 1933, 17, 414 
allartina, Th , Compt Bend Soc de Biol, 1930, 105, 7S9 
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well as X-ray sterilized males and females (Levine and Witschi^) 
produce the same effects as castrates (Fig 6) if put in parabiosis 
with normal females This is remarkable since the secondary sex 
characters are maintained in these cases An histological examina- 
tion of the hvpoph\ses proves that the characteristic “castrate cells" 
are present not only in castrates but also in cr)'ptorchids (Fig 7) 
and in X-rayed males and females (Levine and Witschi®) Destruc- 
tion of the germ cells by either treatment causes similar or identical 
histological and functional changes in the hypophysis 

Fels'*, Kallas^ and iMartins® suggested that the known hyper-func- 
tion of the “castrate hypophysis” might be responsible for the 
striking reactions m the unoperated parabiont These authors gave 
little consideration to the fact that the non-castrate too possesses a 
hypophysis which may participate m evoking o\ anal reactions The 
experiments here described will furnish proot that each hypophysis 
is responsible for one of the 2 mam reactions, prolonged anoestrus 
and constant oestrus 

In a first experiment it was attempted to unite females hypophy- 
sectomised for over one month with male castrates This was not 
\erv successful The females, which were weakened by h}pophy- 
seal deprnation, died in all but one case shortly after the operation 
In the one surviving case the female reco\ered to a healthy con- 
dition only after several weeks She remained in anoestrus dunng 
the first month of parabiosis and then went into constant oestrus 
Ob\ lously, the aiioestral phase w'as due to the poor general condi- 
tion of the female, following the parabiosis operation The oestral 
phase, which has lasted now for 2 months with only one short m- 
terruption, must be due to the influx of hypophyseal hormones from 
the castrate 

A second experiment starts with females that had been m para- 
biosis witli castrate males from 2 to 6 months All had established 
the constant oestrus condition In 5 pairs of this type the hypo- 
physis of the female was removed with no effect upon the oestral 
ty'pe of vaginal smears (Fig 1, pair 192) It is true that some of 
the females fell once or twice mto anoestrus tor periods of 1 to 3 
days, immediately followung hypophysectom\ , though apparently 
this was due merely to general disturbances caused by the operation 

■ a^ewne, W T , and Witschi, E , Puoc Soc Eip Biol , 1933, 80, 
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* Yels E , Arch f Gynael , 1929, 138, 16 

;Sr^, Th, compt Send Sec de Brol , 1929, 103, 1311 
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Fig 1 

Selected oestrus curves of parabiotic pairs of rats The base corresponds to the 
aiioestral and dioestral condition, the top to full oestrus (stage 2 3) Pair 193 
male was castrated at birth, muted with female at 3 weeks The female, when 8 
weeks old, starts oestrus winch is constant with only one interruption of 2 days 
Eight weeks later the female is hvpophvsectomized ( 5 h) but remains in constant 
oestrus Pair SOS Adult male is castrated and united with adult female on same 
day No smears taken for first S days Constant oestrus estabbshed on 2Sth day 
Female hvpophyaectomized on alst dai of experiment Pair 311 Normal pair, 
female has shown regular cvcles for some time ilale castrated on 15th day 
Female establishes constant oestrus on 39th (ba% Castrate hipophjsectomized on 
73d day Female resumes normal cvcles on 7oth dav Pair 303 Normal pair 
yiale hypophysectomized on 20th dav Female continues norm il cvcles until cas 
tration on lloth dav Pair 185 Normal pair Female hypophisectomized on 26th 
day, falls immediately into auoestrus Castration of male on 130th dav brmgs 
female into constant oestrus within 4 da\s After separation from the castrate on 
the 164th dav the female returns immediateli into anoestrus (165th dav ) Pair 
106 Norm il pair Female hvpophvsectomized on 20th dav, goes immediately 
into anoestrus but after the 3otli dav shows periods of incomplete oestrus After 
hvpophjsectomT of the male complete anoestrus is established again 


Later, constant oestrus IS maintained in all cases (Fig 1, pair 208) 

The ovaries of these h\ pophysectomised females in constant 
oestrus are extremeh enlarged and contain large numbers of grow- 
ing follicles (Fig 2) some ot e\cessi\e size, otliers equal to normal 
mature follicles New follicles obMOUslv are added constantly w'hile 
the older ones degenerate (Fig 2, follicles of irregular shape) 
These ovaries are larger even than those of non-hy pophysectomised 
females under similar conditions (Fig 6, Levine and WitschF) 
The uteri are widelv distended and their lumen is filled with cell- 
debris and leucocjtes (Fig 3) In 4 cases the females were sepa- 
rated from the castrate males o or more weeks after hypophy- 
sectomv Within 2 da>s they fell into anoestrus (compare Fig 1 
pair 185 S,S) Ovaries preserved at different intervals show a 
rapid atresia of all mature tollicles, without ovulation It is evi- 
dent therefore, that the follicular stimulation vv^as due to a hormone 
received from the castrate 

That this hormone originates from the hypophysis of the cas- 
trate is definitel) shown m a third set ot experiments m which the 
castrate is hypophv sectoniised (2 cases), whereupon the unoperated 
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well as X-ray sterilized males and females (Levine and Witschi®) 
produce the same effects as castrates (Fig 6) if put in parabiosis 
with normal females This is remarkable since the secondary sex 
characters are maintained in these cases An histological examina- 
tion of the hypoph} ses proves that the characteristic "castrate cells" 
are present not only in castrates but also in cryptorchids (Fig 7) 
and in X-rayed males and females (Levine and Witschi^) Destruc- 
tion of the germ cells by eitlier treatment causes similar or identical 
histological and functional changes in the hypophysis 

Fels^, Kallas^, and Martins" suggested tliat the knoum hyper-func- 
tion of the “castrate hypophysis” might be responsible for the 
sinking reactions m the unoperated parabiont These authors gave 
little consideration to the fact that the non-castrate too possesses a 
hypophysis which may participate in evoking ovarial reactions The 
experiments here described will furnish proof that each hypophysis 
IS responsible for one of the 2 mam reactions, prolonged anoestrus 
and constant oestrus 

In a first experiment it was attempted to unite females hypophy- 
sectomised for o\er one month with male castrates This was not 
very successful The temales, which w’ere weakened by hypophy- 
seal deprivation, died in all but one case shortly after the operation 
In the one surviving case the female recoiered to a healthy con- 
dition only after several weeks She remained in anoestrus dunng 
tlie first month of parabiosis and then w'ent into constant oestrus 
Obviously, the anoestral phase was due to the poor general condi- 
tion of the female, following the parabiosis operation The oestral 
phase, which has lasted now for 2 months with only one short m- 
terruption, must be due to the influx of hypophyseal hormones from 

the castrate . ^ 

A second experiment starts with females that had been in para- 
biosis with castrate males from 2 to 6 months All had established 
the constant oestrus condition In 5 pairs of thus type the hypo- 
ohvsis of the female was removed with no effect upon the oestral 
tvi of vagmal smears (Fig 1, pair 192) It is true that some of 
the females fell once or twice mto anoestrus for periods of 1 to 3 
days immediately following hypophysectomy . though apparently 
this was due merely to general disturbances caused by the operation 
E, Pboc Soc Exp bIol 30, 
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Fw 2 

Parabiobe pair 186 Ovary of a hypopbysectonmed female, muted inth caa 
trate male, after constant oeatrua of 5% montha X 1- 

PiQ 3 

Parabiotic pair 210 Similar conditions as in previous case Cross section of 
uterus. X 12 

Fra 4 

Parabiotic pair 205 Ovary of a hypophysectomized female muted with normal 
female Preserved after 2% montha of anoeatms X 12 

Fra 5 

Same pair as Fig 4 Uterus of hypophysectomized female X ^ 

Fra 6 


Parabiobe pair 175 Ovary of female in parabiosis with X ray sterilized female 
Preserved after 3% months of constant oestrus X 12 

Fra 7 

Parabiobe pair 178 Anterior lobe of hypophysis of the male twin, one-half 
year after eipenmental cryptorchidism had been established. Note the large "cas 
trate cells ” filled with colloid, x 200 

Fra 8 

Same pair as Fig 7 Antenor lobe of hypophysis of the female twin, which had 
been in constant oestrus for more than 4 months Nearly normal histological pic 
ture X 200 


female returns from the constant to cyclical oestrus (Fig 1, pair 
211) Normal cycles are maintained also by females in parabiosis 
with hypophysectomised females or males (Fig 1, pair 202) 

The reported e.\periments show clearly that the condition of con- 
stant oestrus is due to an influx of follicular growth stimulating 
hormone which is released in great quantities by the hypophysis of 
the castrate co-twin There remains to be ascertained where the 
luteinizing hormone comes from which causes the extensive forma- 
tion of corpora lutea and the prolonged phases of anoestrus dunng 
the first period after castration Thecase211 (Fig 1 ) may illustrate 
once more the sequence of typical reactions that follow upon cas- 
tration of the male twin The female still runs one normal cycle, 
then a prolonged c}cle and then falls into a period of anoestrus 
Constant oestrus is established only during the fourth week In 
more than 20 similar cases Hill ( 1 c ) and the present authors have 
found that the period of irregulanti'- preceding constant oestrus can 
last from 3 to 18 weeks So, evidently, the hypophyseal system 
w'hich produces the luteinizing hormone subsists slowly under the 
influence of the continuous stream of follicle stimulating hormone 
El idence that the hv pophv sis of the unoperated female is the source 
of the luteinizing hormone comes from a set of experiments m 
w'hich we observe that constant oestrus follows castration of the 
male within 4 or 5 davs it the temale had been hvpophvsectomised 
5 to 15 weeks preiioush This experiment (4 cases) runs in the 
following wa\ 

We start with normal pairs (Fig 1 pair 185) After normal 
cicles of the female had been obsened tor some time she is Inpo- 
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hormone Furthermore we conclude that the maintenance in the 
blood stream of a constant and relabvely high level of follicle stim- 
ulating hormone suppresses the production of luteinizing hormone 
by the hypophysis 
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Nervous Control of Th 3 noid Activity 1 Effect of Pilocarpm and 
Adrenalin on Metamorphic Action of Thyreo activator 

EDITABD UHLENHUTH, EDGAE van SliTEE imy KAJKL MECH 
From the Vniversity of ilaryland Itedical School * 


In the experiments reported here ive have used amphibian meta- 
morphosis (in the lan'ae of Ambystoma tigrmum) as a physiolog- 
ical sign of the effects of the thyroid hormone, pilocarpjn and adren- 
alm as stimulators of the parasympathetic and sympathetic nervous 
system respectively, and injections of thyreoactivator from the an- 
terior lobe of the beef hypophysis*"* as an activator of the thyroid 
function 

When pilocarpm or adrenalin alone is injected intrapentoneally, 
no visible effect on metamorphosis is obtained It will be shown here 
that the injection of either of these drugs together with thyreo- 
activator increases the sensitivity of the larvae to the metamorphic 
action of the thyreoactivator 

In one representative experiment (CCCLVI, 1933) a number of 
the larvae of the tiger salamander were divided into 4 groups Group 
“a”, controls injected ivith Rmger solution. Group “b, c and d" 
received triweekly mtraperitoneal injections of thyreoactivator ex- 
tracted from approximately 30 mg dried anterior lobe, per animal 
and injection , group “c” received m addition triweekly mjections of 
2 mg pilocarpm-hydrochloride (Merck) per animal and injection, 
group “d” received in addition triweekly injections of 0 05 mg ad- 
renalin-chloride, 1 1000 (Parke, Davis Company), per animal and 
injection 

* Aided bv the Wearer Fellowship Fund and Julius Fnedenwald Fund of the 
University of Maryland School of Medicine 

1 Uhlenhuth, E , Jnat Sec , 1£>26, 34, 119 

= Uhlenhuth, E , and Sehwartzbach, S , Snt J Sxp Biol , 1927, 3, 1 

3 Uhlenhuth, E , and Sehwartzbach, S , Pboo. Soc Exp Biol, xvd Mm , 192S, 
20, 149 

I Uhlenhuth, E , and Schwartzb ich, S , Paoc, Soc Exp Biol, and Med , 192S, 
26, 152 
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nhvsectomised Immediately she falls into anoestrus though in 
LL cases she recovers partly, showing irregular and incomplete 
oestral changes in the vaginal smears That this activity ^ ° 
stimulation b) the normal male parabiont can easily be demon 
strated Subjecting him to hypophysectomy brings the female into 
tmlnfisms at ot.ce CF.g 1 , case 196) Even .f fc t ag.n^ 
Tnears show constanth the ancestral condition, as in case 18a, ti e 
ovaries are shghtl) larger than in single h>pophysectomi^6ed fema 
or in females of double-hypophysectom.sed pams These o arie 
contain large numbers of small egg follicles (white dots in Tig ) 
which later undergo fibrous degeneration No luteinization is o 
.prved and the output of oestrm must be negligible, as indicated bv 
ramnal inactivity and reduced size of uteri (Fig 5) It now alter 

' ^ nenod of 5 to 15 weeks the male parabiont IS castrated, 

£ cl rate immediatelj causes a rapid grouth ot the Gratfian toh 
lilks and constant oestrus is established Aithin 4 or a da^s (Fig 

^’tIus omc\ and clear cut reaction of hvpophvsectomised as coin- 
^ J ^ rarmni females makes it quite certain that in the latter 
pared ui ^ period preceding constant oestrus is due to the 

the mam ) i^telmzing hormones b^ the female hypophysis As 
producti I excessive corpus luteum formation will result be- 

of follicular growth bt die 

° 1 nnnhvsis Howerer the maintenance of a constant and 
castrate hypop folhcle stimulating hormone in the blood 

l,gh the production and the release of the lutem- 

stream tends hypophysis ot the female in constant oestrus 

ootency of produang Uie luteimzer For such females, 
retains castrate twins, resume cyclical changes and 

if separated litters again Histologically tire 

mav ^g^es the normal appearance even after montlrs of 

hypophysis pr rp gv The fact that the two gonadotropic hor- 
constant oestrus (. an antagonistic pair probably 

mones of the hypophys establishment of normal oestrus 

plays an important role in 

niir experiments with parabiotic rats corroborate 
Conclusions u Hellbaum® gained from entirely dif- 

the contenuon of ^^^t the castrate hypophysis emits an in- 

ferent sources of ev stimulating hormone but no luteinizing 

creased quantit y o — - 

TwSTb , f EXP BWV AND ito , 1933, 30, 611 

sHeUbauin,A,PMC Soc EAP 
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castrate females showed a progressive loss of weight while normal 
females maintained their weight 

II Effect of estrm on sex organs A Male The testes m Series 
A weigh only 65 %, those of Series B only 23% of the control 
weights In the animals of Senes B no spermatids or spermatozoa 
were found, and the tubules contained no secondary, and only a few 
primary spermatocytes However, numerous mitotic figures were 
present in the spermatagoma The interstitial tissue was consid- 
erably reduced The last breeding m which females were impreg- 
nated with these males occurred 19 days after commencement of the 
injections 

B Female The ovaries in Series A are 66% and those of 
Senes B 28% of the control weights The uterus of the normal 
female showed a progressive increase in diameter and weight The 
uterus of the castrate was restored to approximately the size of the 
normal female There was, however, considerable variation in size 
of the individual uteri and the measurements are not entirely accu- 
rate because of contractions and consequent thickening The weight 
cannot be used for comparison in this group because at ovariectomy 
a variable length of the uterine horn had been removed along with 
the ovary 

III Effect of estrm upon the hypophysis In the male and cas- 
trate female of Series B the hypophysis is approximately 100% 
heavier than that of the control weights In the normal female the 
hypophysis is about 200% heavier than the control 

Histologically, the pituitanes of females uho uere ovariectomized 
8 months before and injected with estrm for 8 weeks contain very 
few castration cells These cells never equalled m size the large 
“signet rmg” cells seen in the untreated animal 

In the anterior pituitanes of normal males and females that re- 
ceived estrm there was ^m mcrease m the number of chromophobe 
cells with a corresponding increase m tlie number of cells transitional 
between chromophobes and basophiles Both the “transitional” 
cells and the basophiles contain a markedly hypertrophied Golgi 
apparatus and nucleolus, and numerous enlarged mitochondria, all 
of which suggest abnormally secreting cells Many “degranulated” 
basophiles are to be noted The connective tissue and vascular ele- 
ments are also increased 

The pituitanes of Series A resemble somewhat the pituitary of 
pregnant animals confirming Baniecki’s° observations on the guinea 
pig 

•* Bamccki, H., Arch / GynaX , 1928, 134, 693 
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Group “b” needed an average of 41 experiment, 

metamorphose, Group “c” fpdocatnmfn thyreoactivator to 

jections ot thyreoactivator and GrLo average of 12 in- 

of 20 injections of thyreoactivator ^ (^*enalin) an average 

effect of pilocarpin and aTSm Is dte^to ®^"®‘tizing 

thyroid secretory nerves or to other effects specific 
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EflFects of Estnn upon Gonads, Mammary Glands » ^ W 

of the Rat ^ ^ and Hypophys 


3 B HALPERN and F E D'AJIOHE i-t * j 

and Scscarch Lahoratones, UmvertxZ of ^ Coforado, 


It IS generally agreed that injections of estr.n 
the gonads' and an increase m the weieht nf \l atrophy of 

decrease in its gonad-stimulating poiver = wi f ^^“P^y^is with a 
ever, state that Theelin, in dosages up to fi E ^ 
male does not cause an interruption of spermaP^"’^ 
female similar doses do not interfere with 

cesses ™al reproductive pro- 


Adult normal males and females and female castm. 
into 2 series A and B In Senes A 5 RTj '^'^ere divided 

da.ly for 3 week, and 20 R U da.Iy Ihe fourth week 

the same dosage was given as m Senes A h,u I ^ ® 

daily were continued for 4 weeks more F of 20 R U 

groups with 10 rats in each group 1. normal 9 ^ 

males, and 3, ovariectomized females An "o™al fe- 

trols was used <3uate number of con- 

__ger ..to 1 Effect ot estnn on body we.gh , NorM ™ales aud 

• This invesfagatiott was aided in part by — 

Council, Committee on Problems in Helation to Sex ™ X'afaonal Research 
I Moore, C R., and Price, D , Am J Anat , 1930, 50 0, 

^ Leonard, S L , Meyer, B K,, and Hisair, F l Hnrf ’ 

» Wade, N J, and Daisy, E A , Aist Proo Am Fed sZh 
< Estnn prepared from pregnancy unne according to thZ 
E , and Guatavson, B G , J Pharm and Exp Therap , 193^40^4 ^’^mour. 


F E 
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castrate females showed a progressive loss of weight while normal 
females maintamed their weight 

II Effect of estrm on sex organs A Male The testes m Series 
A weigh only 65%, those of Senes B only 23% of the control 
weights In the animals of Senes B no spermatids or spermatozoa 
were found, and the tubules contained no secondary, and only a few 
primary spermatocytes However, numerous mitotic figures were 
present m the spermatagonia The interstitial tissue was consid- 
erably reduced The last breeding in which females were impreg- 
nated with these males occurred 19 days after commencement of the 
injections 

B Female The Ovanes in Series A are 66% and those of 
Series B 28% of the control weights The uterus of the normal 
female showed a progressive increase in diameter and weight The 
uterus of the castrate was restored to approximately the size of the 
normal female There was, however, considerable vanation in size 
of the individual uteri and the measurements are not entirely accu- 
rate because of contractions and consequent thickening The weight 
cannot be used for comparison m this group because at ovariectomy 
a variable length of the uterine horn had been removed along with 
the ovary 

III Effect of estrin upon the hypophysis In the male and cas- 
trate female of Senes B the hypophysis is approximately 100% 
heavier than that of the control weights In the normal female the 
hypophysis is about 200% heavier than the control 

Histologically, the pituitanes of females who were ovanectomized 
8 months before and injected with estnn tor 8 weeks contain very 
few castration cells These cells never equalled in size the large 
“signet ring” cells seen in the untreated animal 

In the anterior pituitanes of normal males and females that re- 
ceived estrin there was an increase m the number of chromophobe 
cells with a corresponding increase in the number of cells transitional 
between chromophobes and basophiles Both the “transitional” 
cells and the basophiles contain a markedly hypertrophied Golgi 
apparatus and nucleolus, and numerous enlarged mitochondria, all 
ot which suggest abnormally secreting cells Alany "degranulated” 
basophiles are to be noted The connective tissue and vascular ele- 
ments are also increased 

The pituitanes of Series A resemble somewhat the pituitary of 
pregnant animals confirming Bamecki’s'^ observations on the guinea 
pig 

•< Bamedn, H., HrcJi / Gynat , 1928, 134, 693 
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Fibrinolysis un Filarial Lymphangitis 


All animals m Senes B possessed actively secreting mammary 
<^lands The extent of this development as far as the size of the 
gland IS concerned was greatest in the males, somewhat less in the 
ovariectomized females, and least in the non-castrate females A 
white, fatty fluid (milk^) flowed freely from cut portions of these 
glands Histological examination showed a flattened epithelium, 
prominent vacuolization and alveoli distended with flmd containing 
many fat droplets and numerous free vacuolated cells 

The effect of long continued injections of estrin upon the mam- 
mary glands and hypophysis suggest that the hypophysis is func- 
tioning abnormally Whether this lactation is the result of estrin 
admimstration per se or whether it resulted after the cessation of 
the injections is not known, as the animals were sacrificed 4 days 
after the last injections This question is now being investigated 
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Fibrinolytic Activity of Hemolytic Streptococci on Blood of Cases 
of Recurrent Tropical Lymphangitis 


P MOEAIiES OTBEO ajjh A POilALES LEBRON (Introduced br \ M 

Pappenheimer ) 

From ffie Scliool of Tropical Medicine, Vniverailij of Puerto Pico, under the 
(luspicea of Columbia Vntvcrsti!/ 


Tillett and Gamer' have recently shown that broth cultures of 
hemolytic streptococci of human origin rapidly dissolve normal 
^ fibrin clot Tillett, Edwards and Garner^ demonstrated the 
Sopment of resistance to dissolution in the plasma clot obtained 
from individuals following acute hemolytic streptococcus infections 
They also showed that this antifibnnolytic property is absent m the 
fihrm clot derived from a group of patients convalescing from other 
nfections Likewise, the blood from the great majority of healthy 
. j r ^ r,prcnns with other acute diseases was found to be 
and Tha authors W.ose that th.s msuscap- 

Bbthty » d.ssolouon is spec, fically induced and that "the fibrmolys.n 
tibiUty t .trpntncocci in the body makes a definite response 
of hemolytic pf the bacteria ” 

w^tt^Sudymg the probable r elationship of hemolytic strepto - 

— rrr ^ ^ J Exp Ififd » 1933, 58, 485 

1 Tillett, W I ’ EdtaX l’ B , nU Garner, P L,J Clin Invest , 1934, 12, 47 
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COCCI to recurrent tropical lymphangitis, we have made a senes of 
fibrinolytic tests with the blood of a group of patients suffering 
from this condition In performing the test the method employed 
was that recommended by Tillett, Edwards and Garner" with the 
exception that we used trvptic digest broth instead of glucose broth 
to grow the streptococci 

Thirty-three strains of hemolytic streptococci isolated from dif- 
ferent conditions were tested for their fibrinolytic activity on the 
plasma of a normal individual All determinations were made at 
the same time, by the same person, and under similar conditions 
The results are shown in Table I 

TABLE L 


Fibrinolytie Actinty of Straus of Hemolytic Streptococei from Different Sonices 


Strain No 

Source 

Complete dissolution in hrs 

•NTs 

Scarlet fever 

Nonet 

Ml 

Sore throat 

4 hr 

S, 

Septicemia 

8 ” 

•T 

Toneila 

0 > f 

Ms 

Sore throat 

% ” 

Si 

Septicemia 

3% ” 

Ts 

Tonailo 

3y. ” 

0l 

Osteomyelitis 

SVi ” 

Ti 

Tonsils 

12 * * 

Ts 

) f 

2 Vi 

A-IO 

Meninges 

2V ** 

■^8 

Abscess 

% ” 

A3 

Lesion on knee jomt 

2V 

^4 

Pustule 

4 ” 

To 

Tonsils 

5 ” 

Ts 

> r 

8 ” 

M, 

Sore throat 

20 

Tg 

Tonsils 

0 / y f 

y-i 

Tio 

1 r 

2V ** 

A5 

Deep chronic lesion on face 

IVi ” 

Ti 

Tonsils 

10 ” 

Tn 

1 1 

4 ” 

All 

Pustule 

0 i f 

*E 

Erysipelas 

Ti 

Lli 

Lymphangitis 

1 ” 

Lfl 


1 ” 

XlJO 
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L. 

T y 

5 ” 


Impetigo lesion on leg 

3 ” 

Lt 

Lvmpliangitls 

3 V_ ” 


1 » 

Partial dissolution in 24 hr 

Ln 

i t 

2 hr 

La 

» } 

4M. ” 


•Kindly sent to ns by Dr A. F Cobonu 
INone in 24 hrs 


From these, 2 strains, Nos T* and E, were selected for carrying 
out the fibrmoljTic determinations The results are shown in Table 
II 
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T^VBLE II 

Fibrmol) tie Determinatioiia 

Strains 

Cnsu Condition 


Complete dissolution in 


AP 

MLM 

LG 

LR 

JM 

MN 

TV 


Normal 


1 hr 
73 ” 

ly^ ” 
1 ■' 
-j ” 

yj ” 


GV 

T\ plioid 

Com ulisccnt 

ay. ” 

C A 

f f 


3r(l wctk 

Iwl ” 

\ & 

II 



Clot retraction 

AC 



lat " 

Nonet 

NO 

Throinboplilebitia 

VtulL attack 

2y hr 

JG 

Common cold 

a dava after ittack 

1 II 

ZG 

R Ijmpliaiigitia 

2 ino iftcr attack 

12 ” 

R A 

LjnipUangitia 

\ttaik BUhsidlng 

Nonet 

JL 

R lymphangitla 

24 lir after onset 

Nonet 

MR 

1 1 

1 1 


14 hr 

PL 

1 1 

1 1 

24 '' »i II 

Nonet 

ilR 

1 1 

1 1 

1 

Cy hr 

PL 

Lj iiipliangitia 

2 dnjs ” '> 

Nonet 

MR 

B hmphangitla 

24 lir ” ” 

Nonet 

F J 

1 I 


3 das3 ” ” 

Nonet 

JO* 

J 1 

II 

^ ft II II 

7^1 lir 

JP * 

11 

1 1 

Q II II II 

y ” 

PM 

R hm 

phadooitls 

f) II II II 

Nonet 


and lympliangitis 




hr 


■71 

76 

o 

73 

I73 
I76 
1% 

7 

ly. 

^73 

5 

Nonet 
Nonet 
S hr 
Nonet 
22 hr 
Nonet 
Nonet 
Nonet 
% ” 
y. ” 

Nonet 


*In these ^ . 

local lesions at the time deternunutions reported 
tNone in 24 hrs 


strcptococLi "Wore isolated from 
were made 


Repeated determinations at varying intervals were made in sev- 
eral cases of recurrent tropical lymphangitis In 4 cases the plasma 
clot e.\hib)ted maNimum resistance from the onset of the acute at- 
tack to 6 weeks after the attack In one case, the dissolution time 
was 14 hours, 2 hours after the onset of symptoms, and maximum 
resistance on the 18th and 59th day after the attack Another case 
exhibited maximum resistance when the attack was subsiding and 
showed complete dissolution m 10 hours, 8 days after the attack, 
and in 8 hours, 24 dav s after the attack 

In 2 cases m which virulent hemolytic streptococci were isolated 
from local lesions m the affected hmb during the acute attack, fib- 
rinolysis was complete in 30 minutes during the attack, and m 2 
hours, 8 days after the attack 

In a normal control, where repeated determinations were made at 
short intervals during 2 months the dissolution time varied shghth 
from 30 minutes, the lowest, to 1 hour and 30 minutes, the highest 
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Sutiwiary Fibnnolytic determinations made with 33 strains of 
hemoljdic streptococci isolated from different conditions showed in- 
dividual vanations in their Ijhic activitj^ when tested under similar 
conditions Apparently, the plasma clot derived from cases of re- 
current tropical l)anphangitis develops a defimte resistance to the 
fibrmol}hic activity of hemolytic streptococci 
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Refinements m X-ray Technique for the Estimabon of Vitetmin D 

BRIAN OrBBIEN JlSd KENNETH MOEGAKEIDGE (Introdnced by "W E. 

Bloor ) 

From the University of Sochester, Boohester, New YorX 


None of the existing techmques commonly employed for the esti- 
mation of Vitamin D are entirely beyond criticism In choosing 
the most suitable procedure a number of factors must be considered, 
depending upon whether time and economy or accuracy and relia- 
bihty are to receive the most consideration To mdicate briefly 
some of these factors, we have but to pomt out the pnncipal ad- 
vantages and limitations of the 3 widely used methods for the assay 
of antirachitic potency, in all of which inbred stocks of albino rats 
furnish the experimental amraals 

Since all 3 methods may be adapted to either curative or pre- 
ventive procedures and since the former enjoy by far the greater 
vogue m this country, the present discussion and experimental w ork 
are limited to curative methods The Steenbock diet No 2965 was 
used to produce rickets, and, m general, the recommendations of 
the Committee of the American Drug Manufacturers Association 
on Vitamm Assay were followed^ 

The bone-ash techmque as worked out principally by Chick, Ros- 
coe and others^ ~ is a purely objective procedure, not subject to 
aberrations of human judgment, ei en to the extent that they occur 
in the other 2 methods On the other hand, the factor of biological 
variation exerts its greatest influence m this method, and the statis- 

• We TTiah to express our thanlra to Dr Stafford L. Warren and the Department 
of Eadiology of Strong Memorial Hospital for snggestiona and the nse of X ray 
equipment and also to the Department of Biochemistrv for animal facilities 
1 Chick and Eoscoe, Siochem J , 1926, 20, 137 
- Chick, Korenchevskv, and Roscoe, Biocltem J , 1926, 20, 622 
a Holmes, Rep A D il A , Com Fit Assay, 1032 
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tical significance of the results can be increased only by proportion- 
ally lengthening the series of evperimental obsen'ations in order tliat 
the average figures may not be undulj influenced by such factors 
as variation m animal stature, susceptibility to rickets, etc 

The “line-test” furnishes the most comenient method from the 
standpoint of time and equipment and can be brought to a high de- 
gree of dependabihtv ^ Here also, howeier, animal variation may 
markedlv influence the results, particular!} e ariations m susceptibil- 
ity to the effects ot the rachitogenic diet The onh check possible 
on this point is that obtained by preliminary tests done on random 
animals before the beginning ot the experimental period Anj ade- 
quate line-test procedure includes photographing the specimens as 
soon as the “line” lias been de\ eloped in order that permanent rec- 
ords mav be obtained^ A convenient camera for this work nas 
constructed For the tibia, the negatne is made at unit magnifica- 
tion on fine gram film Prints may be made at magnifications up 
to 10 diameters without film gram becoming noticeable 



Pio 1 

Bat and film holder with lead shields 


Park, J il ' 

4 Stevens and Kelson, Hid ■Bnp Ohem Anal ed , 193-, 4, 200 
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One of the first X-ray techniques at all comparable to the line- 
test was suggested bv Poulsson and Lovenskiold ® The idea has 
been further elaborated by Bourdillon, et al ° Since X-ray photo- 
graphs of each individual animal are taken before the beginning of 
the expenmental period, anomalous cases can be recognized and the 
chief objection to the other 2 methods is overcome, m that laria- 
tions in susceptibility to the rickets-producing diet do not weight the 
final results One serious objection to these techniques, however 
lies in the fact that only 2 X-rays are taken, one at the beginning 
of the experimental penod, under anesthesia, and the other at the 
end of the test after the animals have been killed While more fre- 
quent radiography is desirable, increasing the amount of anesthesia 
IS to be avoided as it may frequently lead to increased incidence of 
respiratory infection and other metabolic upsets among the experi- 
mental animals 

To overcome this difficulty, and to a^old the use of strenuous 
methods of clamping the rats in position for photographing, which 
often results in injury, the present modification w'as developed 
Duphtized dental film w'as held in a special holder (Fig 1) of 
such dimensions and so shielded with sheet lead as to allow' both 
fore and hind legs of the rats to be held in place for exposure w'lth- 



Fig 2 

Method of holding rat for X rar photograph of tibia! head 
■* Poulaaon and Lovenskiold, Biocliem J , 192S, 22, 135 

“ Bourdillon, Bruce, Fischmann and Webster, Med Res. Council Special Be 
port Senes No 15S 
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3 , operator (F.g 2 ) 

showing any oi very little spoilage of film 

.vithout sh anic^l ^^^ping g from the X-ray estimation 
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hsh the degree of rickets The progress of healing is followed m 
each animal at frequent mteiw’als so that any anomalies are recog- 
nized Permanent records are pror ided and mar be re-read at anr 
time While subjective, the estimations, if based on a comparison 
of the unknow'n antirachitic substance w>ith a standard, pro\ ide a 
completely null method of observation Thus, different observ^ers 
comparing the X-rays may he expected to arrive at similar results 
The averages compare closely wnth either line-test or bone-ash av er- 
ages on the same animals, and the spread of observ'ations is cer- 
tainly no greater than that found with the other methods 
A comparison was made between line-test, X-ray and bone ash 
estimations on a small series ot animals (18 m all) used to deter- 
mine the potency of an irradiated milk m terms of the International 
Standard Vitamin D solution. The results (Table I) represent in- 
dependent estimations bv the 3 methods uninfluenced bv the other 2 
It IS felt that the agreement is very good considering the few ani- 
mals used 

TABLE I 


Feeding Level 
International Umta 
per day 

International XJmU per cc of Hitk 

Bone Aah 

Line Test 

X Ray 

05 

0 50 

0 40 

0 40 

10 

0 45 

0 40 

0 40 

20 

0 50 

0 53 

0 50 

Average 

0 48 

044 

0 43 


We are indebted to Dr E M Luce-Clausen, who yer} kindly 
made the bone ash determinations reported here 

It seems to have been generally recognized among w orkers in the 
field, although not, to our knowledge, specifically pointed out in the 
literature, that the nature of the calcification is by no means inde- 
pendent of the type of antirachitic substance fed In particular, 
when an irradiated milk is compared with an irradiated ergosterol 
concentrate, it has been noticed that the initial calcification is fre- 
quently more diffuse in character, "a narrow and continuous line ot 
calcification” seldom occurring in the milk-ted animals 

Examples of the line-test and X-ray photographs on the same 
animals are shown m Figs 3 to 6 at equal magnification Not onlj 
the degree but also the character ot the healing is shown In Fig 5, 
the narrow line of calcification (animal ted International Standard 
irradiated ergosterol solution) is shown m marked contrast to the 
diffuse calcification occurnng in an animal ted irradiated milk at 
substantiallj the same potenc> level, Fig 6 
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scopic technic The result was quite surprising when 12-18 dilu- 
tions of the immune serum were added Immediate total agglutina- 
tion occurred and in an hour all of the bacilli were so firmly at- 
tached to each other in a transparent disc, that they could not be 
separated by intensive shaking Higher dilutions of the immune 
serum (1 16-1 256) caused a typical floccular agglutination This 
agglutination was strictly specific No trace of agglutination oc- 
curred even when undiluted normal serum was added to the bac- 
terial suspensioiL 

Considering the peculiar nature of the agglutination, we liad to 
weigh the possibility that we might be confronted with a special 
case of “agglutination by precipitin This suspicion seemed to 
us acceptable since we obsen'ed that a considerable quantity of P 
specific substance and a smaller quantity of C substance might be 
in solution after 24 hours m a broth culture of the encapsulated 
anthrax bacillus Consequently we carried out a few agglutination 
tests with bacilli washed carefully before the performance of the 
test No change occurred m the previously recorded results This 
reaction therefore had to be regarded as a true agglutination. 

The relation of prectpitafmg antibodies to the agglutination Our 
previous experiments concerning the antigenic structure of anthrax 
bacilli had made it very likely that the agglutination of the encap- 
sulated anthrax bacillus had been caused by the same antibody which 
precipitated the P substance Direct experiments had to be carried 
out to pro\ e this supposition 

There was no difficulty in forming an opinion about the role of 
the C antibody since the commercial precipitating anthrax immune 
serum contains this antibody alone Four sera were used in this ex- 
periment, each of which ga\e specific precipitation with anthrax 
polysaccharide up to 1 1,000,000 dilution of the latter and no pre- 
cipitation whatsoever with P substance No trace of agglutination 
was obsened b) using am of these sera in 1 1-1 1024 dilutions An 
entirely negative result w'as obser\ed likewise by performing this 
test with a commercial protective imnuine serum, wdneh contained 
none ot the precipitating antibodies 

On the other hand positn e agglutination w as obtained w ith each 
of the 5 immune sera prepared bv us in rabbits through immuniza- 
tion w ith encapsulated anthrax bacilli Each of tliese sera contained 
an anti C immune bodi and ga\e at the same tune precipitation with 
1 500 000-1 000 000 dilutions ot the P substance Furthermore a 
certain correlation could be demonstrated between the P precipitin 

3 Jones, F S , J Exp Med , 1927, 40, 303 , 1928, 48, 1S3 ’ 
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Agglutination of the Encapsulated Anthrax Bacilli. 

J TOilCStK AND G BODON 

Front the Department of Spptene, ^’rancl^ Joseph Umverstty, Szeged, Sungary 

There is no convincing experimental evidence on the specific ag- 
glutination of anthrax bacilli The rapid sedimentation of most 
strains of anthrax bacilli makes a systematic study somewhat dif- 
ficult W'e know however that although by using certain special 
strains a stable suspension can be secured, the addition of immune 
serum wull not be follow'ed by any particulation, in spite of its con- 
taining a high concentration of precipitating antibodies 

A way was opened for the reinvestigation of this question since 
Szongott and one of us Iiad discovered in the anthrax serum a 
highly active antibody, hitherto unknown ^ The antibody of the 
anthrax immune serum known up to now and used for the themio- 
precipitation test acts on the somatic substance of the bacillus, w'hich 
IS a polysaccharide According to these authors, another and a 
more potent antibody is obtained, when suitable strains are used for 
immunization This antibody reacts probably with the capsular 
material w'hich is a carbohjdrate-free, proteinlike substance The 
2 antibodies were named anti C and anti P respectively 

An accidental obsen-ation led us to studv the effect of the anti P 
immune body on the agglutination of anthrax bacilli We had pri- 
marily intended to studv the phagocytosis of the encapsulated an- 
thrax bacilli 111 vitro The strain used for this experiment was 
isolated ot the so called “Carbozoo” vaccine prepared by Mazzucchi 
and utilized in Itah for prophylactic immunization of animals “ 
This strain was virulent tor laboratory ammals, it could easily be 
emulsified m physiologic salt solution and pnoduced in 24 hours an 

abundant capsule when cultured on agar at 37 C In this respect 

this strain appeared very much similar to the mucoid” varieties, 
which are obtained when virulent anthrax bacn'Ii are attenuated by 
repeated subcultures at 41=^ C according to Pasteur’s well known 
procedure When the phagocytosis of this strain was studied in the 
presence of an immune serum containing both C and P antibodies, a 
very marked agglutination could be observed under the microscope 
fhe agglutination was then performed following' the usual micro 

and Szongott, n,Z f Immunitdt^orsch, 19S33, 77, 86 

--ilaixucclu, il,La Chnica Veierinarta, 1931, 0, 3 
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the long chains The agglutination by anti P immune serum was 
without exception positi\e wheneier capsule formation could be 
revealed by microscopic study The difference between the ag- 
glutination of the Mrulent strains and the attenuated “mucoid” 
vaneties was that the former ga\e a floccular tipe ot agglutina- 
tion, whereas the latter, w'hen lower dilutions ot the serum had been 
used, was agglutinated in the characteristic disc form described 
aboie 

We confine ourseh es to the description of one strain m order to 
illustrate the behaviour of the virulent and encapsulated anthrax 
bacillus Anthrax strain No 4 was isolated 6 years ago from 
naturally infected sheep and kept on agar medium with monthly 
subcultures Dunng this time it was transferred only a tew times 
an mice It was virulent for rabbits At the time of our stud} the 
capsule production of this strain on agar medium was distinct Its 
24 hour agar grow'th consisted of long chains, some ot these com- 
pletely surrounded b} a sharpl} defined capsule, twice as thick as 
the bacillar}' body Other chains m turn had but a few capsulated 
members with well defined or with partly dissohed capsules Some 
were entirely bare At this stage this strain gave total agglutina- 
tion with anti P immune serum up to a dilution ot 1 512 The ag- 
glutination had a floccular character and contrar} to the beha\ lour 
of the mucoid strains some inhibition was observed m the lower 
serum dilutions (up to 1 8) It was then subcultured daily for 15 
days At the end of this period it ceased to produce am capsule on 
agar medium and its agglutmabihtv w’as complete!} lost, that is 
neither the P nor the C antibody produced an\ agglutination when 
mixed to this subculture 

Summary 1 Antianthrax immune serum contaimng both P and 
C preapitin agglutinates only the encapsulated anthrax bacilh 2 
Antianthrax immune serum contaming only C precipitm does not 
gue agglutmation with anv tv pe of anthrax bacilli 3 P antibody 
can be regarded as the anticapsular antibodv 4 The serological 
specificity of the capsules of attenuated “mucoid” strains is the same 
as that of the virulent anthrax bacillus, it the latter produces cap- 
sules on culture media 
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titer and the agglutinin titer of these sera The agglutinin titer of 

Le rprni'em" in 

end'oTf. ^ bled before the 

^6 I dioul’r"'""''™ agglutination up to a dilution of 

1 16, uithou guing any precipitation with tlie P substance The 
lack of correlation was however temporary since tlie serum of the 

mwrV^ precipitation and agglutination after 2 more 

njections This is another instance that during the immunization 
the agglutinating property of the immune serum manifests itself 
earlier than its precpitating property, owing to the fact that dif- 
ferent proportions of antibodies are necessary to bring forward the 
appearance of a \ isible reaction m the 2 tests 
Aggliamation and capsule formation Two sera were selected 
for furtlier experiments m order to study the correlation of capsule 
formation and of the agglutinability m different strains One of the 
sera possessed a high anti C and no anti P precipitating activity the 
other a high anti P and a lower anti C activity 
Ten different anthrax strains were selected for the first part of 
these experiments It was carefully established m wet India ink prep- 
arations that none of these strains grown on ordinary agar metha 
ever exhibited a trace of capsule formation Afost of these were 
virulent, a few attenuated The bactenal suspensions were prepared 
by emulsifying a 24 hour agar growth m saline solution and shak- 
ing them for vai^ung length of time according to their tendency for 
sedimentation In most cases a homogeneous suspension could be 
obtained though the rate of sedimentation was sometimes m 
creased The results of the agglutination tests were completelv 
negative, neither of the 2 immune sera caused any agglutination 
An attempt w^as also made to sensitize these strains through ab 
sorption of purified P substance The bacteria washed and re- 
suspended after tius procedure how'ever were just as refr 
ward agglutination as before ^ 

On the contrar>' positive agglutination test was obtained with 
each of those strains wEich produced capsules on agar medium We 

should emphasize here that not alone strains isolated nf 3 r,fi,_ 

cu or antnrax vac- 
cines, or attenuated m our laboratory according to Pasteur’s 

cedure belonged to this group Almost 50% of our virulent^oM 
laboratory strains and some of the recently isolated fresh strains 
showed some capsule formation It is true, that m many instances 
the capsule formation could be detected only by careful search m 
India ink preparations and extended but to one portion of some ot 
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the long chains The agglutination by anti P immune serum was 
without exception positive whenever capsule formation could be 
revealed by microscopic study The difference between the ag- 
glutination of the virulent strains and the attenuated “mucoid" 
varieties was that the former gave a floccular type of agglutina- 
tion, whereas the latter, when lower dilutions of the serum had been 
used, was agglutinated m the characteristic disc form described 
above 

We confine ourselves to the description of one strain in order to 
illustrate the behaviour of the virulent and encapsulated anthrax 
bacillus Anthrax strain No 4 was isolated 6 years ago from 
naturally infected sheep and kept on agar medium with monthly 
subcultures Dunng this time it was transferred only a tew times 
in mice It was virulent for rabbits At the time of our study the 
capsule production of this strain on agar medium w'as distinct Its 
24 hour agar growth consisted of long chains, some of these com- 
pletely surrounded by a sharply defined capsule, twice as thick as 
the bacillary body Other chains in turn had but a few capsulated 
members with well defined or with partly dissolved capsules Some 
were entirely bare At this stage this stram gave total agglutina- 
tion with anti P immune serum up to a dilution of 1 512 The ag- 
glutination had a floccular character and contrary to the behaviour 
of the mucoid strains some inhibition was observed in the lower 
serum dilutions (up to 1 8) It was then subcultured daily for 15 
days At the end of this period it ceased to produce any capsule on 
agar medium and its agglutinability was completely lost, that is 
neither the P nor the C antibody produced any agglutination w'hen 
mixed to this subculture 

Summary 1 Antianthrax immune serum containing both P and 
C precipitin agglutinates only the encapsulated anthrax bacilli 2 
Antianthrax immune serum containing only C precipitin does not 
gne agglutination w'lth any type ot anthrax bacilli 3 P antibody 
can be regarded as the anticapsular antibody 4 The serological 
specificity of the capsules of attenuated “mucoid” strains is the same 
as that of the \irulent anthrax bacillus, if the latter produces cap- 
sules on culture media 
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EfF.« of Specfio Aoutody o„ ,h, c.p.olo of Aotl„„ B.oJI. 

Q BODON AND J TOMCais:. 

The characteristic effect exertprl K,r . 
serum on the capsule of pneumococci ^a nh immune 

Neufeld, induced several investigators rl-frT^r" 

Logan and Smeall^') to work ouf a n,* Armstrong^ and 

pneumococci Apart from its practical"' "method for typing 
Of theoretical intLst, -ce 7cr rut^dmeTp^^^^^^^ 

Vious supposition that the antipneumococcus ^ 5^ P""' 

a specific way the alteration of the bactenal T 
demonstrated tiiat this phenomenon occurs akf" 
encapsulated bacteria, pneumobacillus and ^ 
experiments performed by her with anthra! Similar 

ver)' inconclusive results bacilli gave however 

It seems somewhat striking that whereac 
tnbuted perhaps most to the elucidation of tJie ha^ 
munity, and that the relation of capsule format 
ulence was first demonstrated with this micron ” bacterial vir- 
present knowledge on the effect of immune serumTnTh™’ °''r 
the anthrax bacilli is considerably less than ,n rp. capsule of 

Our previous work" " revealed the existence oTi ^ 
duced by immunization with encapsulated anthm k" ^"t'body pro- 
ably acting on the bacterial capsule 

The strain used for the major part of onr ct,„i 
ant capsule on agar media Its 24 hours’ growfh^i^^'^^^^*^ abund- 
and sticky and it killed rabbits with typical svmnin 
f««o„ /hen a 1/1000 part of a 24 W a ° 

jected subcutaneously The strain was isolated fro 
bozoo” vaccine ^ me Car- 

Fig 1 represents a wet India ink preparation shoumi. da.h i 

most all of the bacilli are surrounded by well d,>ir<.) ^ * 

^ qe veioped capsules 

1 Sabin, J Inf Dis , 1930, 10, 469 ~ — ^ 

a Axmatrong, B B, Snt lied J , 1931, 1, 214, 1932^ 1 

3 Logan and Smeall, Srit lied J , 1932, 1, 188 ’ 

4 Tulczynska, B. E , 2 / Sijg u. Itif , 1933, II4, 700 

•t Tomcsik, J , and Szongott, B , Z f Immumtdtsforsch, 1933 7? 

0 Tomcsii, J , and Bodon, G , Pnoo 80c Exe Biou and Vita) 193 / 
lilazzucclu, Jl, La Clintca Vetennana, 1931, 0, 3 ’ 3a, II8 



Specific Antibody ox Capsule of Anthr \x Bacilli 


123 



Fiu 1 

No trace of capsule was observ^ed howe\er, when the bacteria w'ere 
suspended m phjsiologic salt solution and examined in hanging 
drop The result did not differ, when one loopful of different dyes 
was mixed with the suspension These obsen’ations conform w'lth 
our previous knowdedge, that the capsule of the anthrax bacillus is 
not visible m hanging drop because its refraction is similar to that 
of the surrounding fluid 

One loopful of different sera was then added to the bacterial sus- 
pension Several normal as well as non-specific immune sera have 
been tried, but none of them caused am change m the microscopic 
picture The anthrax sera studied here were divided again in 2 
groups ( 1 ) sera contaimng only antipoh saccharide precipitins and 
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Effect of Specific Antibody on the Capsule of Anthrax Bacilli 
G BODON and J TOilCSIK 

From the Department of Eygiene, Francis Joseph, University, Szeged, Eungary 

The characteristic effect exerted bj the type specific immune 
serum on the capsule of pneumococci, a phenomenon observed by 
Neufeld, induced se\eral investigators (Sabin,^ Armstrong" and 
Logan and SmealF) to work out a new rapid method for typing 
pneumococci Apart from its practical importance this reaction is 
of theoretical interest, since it contributes direct proof to the pre- 
vious supposition that the antipneumococcus immune sera induce m 
a specific way tlie alteration of the bacterial capsule Tulczynska* 
demonstrated that this phenomenon occurs also m case of other 
encapsulated bacteria, pneumobacillus and streptococcus Similar 
evpenments performed by her with anthrax bacilli gave however 
very inconclusive results 

It seems somewhat striking that whereas studies on anthrax con- 
tributed perhaps most to the elucidation ot the basic facts of im- 
munity, and that the relauon of capsule formation to bacterial vir- 
ulence was first demonstrated with this microorganism, yet our 
present knowledge on the effect of immune serum on the capsule of 
the anthrax bacilli is considerably less than m many other bacteria. 

Our previous work® “ revealed the existence of an antibody pro- 
duced by immunization with encapsulated anthrax bacilli and prob- 
ably acting on the bacterial capsule 
The strain used for the major part ot our study produced abund- 
ant capsule on agar media Its 24 hours' growth was very moist 
and sticky and it killed rabbits with typical sr mptoms of anthrax in- 
tection when a 1/1000 part of a 24 hour agar slant culture was in- 
jected subcutaneously The strain was isolated from the “Car- 
bozoo” vaccine ^ 

Fig 1 represents a w'et India ink preparation showing that al- 
most all of the bacilli are surrounded by well developed capsules 

1 Sabm, J Inf Dts , 1930, 18, 469 ~ 

: Armstrong, K B, Dnt Eed J , 1931, 1, 214, 1932, 1, 137 
3 Bogan mjd Smeall, Bnt Med J , 1932, 1, 138 
* Tnlcrynafen, H. E , ^ f Eyg a. inf , 1933, llA, 769 
- TomcaiJc, J , and Szongott, E,Z f Immuintatsforsch, 1933 ^ 77 ^ 85 
« Tomcaik, J , and Bodon, G , Pboo Soo Exp Bron. akd Med , 1934 ^ 33 118 
T Maizucclu, JB, La Climca Vetennana, 1931, 0, 3 
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No trace of capsule was observed howeier when the bacteria were 
suspended m physiologic salt solution and examined in hanging 
drop The result did not differ, when one loopful of different dyes 
was mixed with the suspension These obsers^ations conform with 
our previous knowledge, that the capsule of the anthrax bacillus is 
not visible in hanging drop because its refraction is similar to that 
of the surrounding fluid 

One loopful of different sera was then added to the bacterial sus- 
pension Several normal as well as non-specific immune sera have 
been tried, but none of them caused anv change m the microscopic 
picture The anthrax sera studied here were divided again in 2 
groups ( 1 ) sera containing only antipoh saccharide precipitms and 
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changed the refraction and the staining properties of the capsule 
proper 

Altogether 12 different encapsulated and 9 other anthrax strains 
uere examined in this \va> We never failed to obsen^e the closest 
parallelism in demonstrating the capsule production in India ink 
preparation and in our specific capsular reaction 

The correlation of the agglutinabihty of our strains and of the 
capsular reaction was also complete The capsular reaction there- 
fore has to be regarded as a visible sign of the union of anticapsular 
antibody with the capsular substance The agglutination must be 
in consequence a secondary reaction following the specific alteration 
of the capsular material 

We believe that it would be of great importance to study in in- 
fected animals the protecting role of an antibody exhibiting such a 
marked specific action on the capsule of anthrax bacilli 
Summary Anthrax immune serum containing P precipitin ex- 
erts a specific effect on the capsule of anthrax bacilli Following 
the addition of a small quantity of this immune serum to the sus- 
pension of encapsulated anthrax bacilli, the capsular material is 
specifically affected and becomes visible in unstained preparates 
This IS the final proof of the existence of a separate antibody in 
specially prepared immune serum acting m a specific way on the 
capsule of anthrax bacilli 
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Stability of Toxin Producing Attribute of Sceurlet Fever Strains 

of Streptococci 

ElIEBSON XTEGRAIL axd B lo. THOJIPSON 

From the Department o/ Sygiene and Bacteriology, School of iledicine, Weatem 
Eeaerve University, Cleveland, Ohio 


Several reports ha\e appeared concerning the stability of the 
toxin producing power of scarlet fever strains of streptococci 
Organisms dned on swabs or in cultures have been found to retain 
the toxin producing attribute (Jettmar,' Tunnichff’) TunmclifF 
reported also that filtrates of certain different appearing colonies of 

1 Jettmar, XL H. v , Z / Syg u Infehtionalr , 1927, 107, 265 
= Tmuuclill, E., J Infect Dis , 1927, 41, 272 
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strums %\hich had Leen cultivated for long periods of time were 
toxic as were filtrates ot recently isolated strains when measured 
b} the parameciuni test However, the filtrates of the dissociated 
strains were not neutralized by scarlet fever antitoxin Pilot and 
Stocker* reported a non-hemolj tic variant ot a scarlet fever strain 
w’hich was toxigenic Friedeniann and Deicher'" passed 2 scarlet 
fever strains 10 times through mice and found that the filtrate of one 
strain had lost its toxigenic power w'hile m the other strain the toxin 
producing power had increased In the work here reported, com- 
paratue skin tests w'ere made with filtrates of the original strains 
and filtrates of these strains alter subjecting them to various methods 
used to dissociate bacteria 

From 3 to 9 strains were used m each method The original 
strains had toxin titers ranging from 1 500 to 1 5000 All tests 
were done on 2 adults w'ho ga\ e consistent results w ith the various 
dilutions Ne ther of these individuals reacted to injections of 
toxic filtrates from erysipelas and septic sore throat strains Disso- 
ciation of the strains w'as attempted by 

1 Subculturmg daily m homologous immune rabbit serum di- 
luted 1 10 m infusion broth These sera were produced by the 
method used m preparing sera for the dissociation of pneumococcus 
The sera contained agglutinins which clumped the homologous 
streptococcus strains at dilutions of 1 640 or greater Nine strains 
W'ere used and the number of transfers varied from 60 to 128 

2 Subculturmg dad) 4 strains m 1% glucose infusion broth for 
60 to 121 transfers 

3 Subculturmg daily 3 strains in infusion broth containing 
methylene blue at a concentration of 0 00001 mol for 62 to 114 


transfers 

4 Subculturmg daily 4 strains m infusion broth and incubation 
at 45°C for 60 to 119 transfers 


5 Passing 3 strains from 7 to 12 times through mice by mtra- 
peritoneal injections and recovery of the organisms from heart 
blood or peritoneal fluid 

6 From 1 strain 5 atypical colonies were selected which were 
aonarently similar to some of the various dissociated colony forms 
described by others Determinations of electrophoretic velocities as 
wpll as tests of toxigemcity were made with these strains 

Tn each instance the toxins, produ ced by all strains treated by 

^ ^ “ WeUu>:u,lr, 1928 , 108 . 192 
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these 5 methods, gave reactions to the same dilutions as those of 
the filtrates of the original cultures 

In the case of the 5 colonies selected from one culture, while all 
of these produced filtrates which gave reactions at the titer of the 
origmal cultures, 3 gave reactions smaller m extent than the other 
2 Cataphoresis determinations made on 2 occasions showed that 
the rate of migration of the organisms producing the smaller re- 
actions w'as about twice that of the other 2 and of that of original 
culture It should be stated, how'eier that we have preiiously 
shown® that a faster rate of migration is not a specific character- 
istic of non-toxin producing strains of streptococcus 

Summary The use of several recognized methods for dissocia- 
tion of bacteria when applied to scarlet fever strains of streptococci 
failed to deprive these strains of their abilit}' to produce toxin 
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On the Motion of Growth IX A Scheme for Analysis of Elxpen- 
ments on Growth, Nutrition and MetabolisriL 

NOBJXAN C WETZEIi 

From the Babies and Childrens Hospital, Cleveland, and the Department of 
Pediatrics, School of Medicine, Western Deserve University 


The quantitative relationships betw'een normal growth and heat 
production w'hich the author has recently found and applied in the 
case of bacterial cultures ‘ in Bufo vulgaris from fertilization 
throughout metamorphosis' and from birth to adult life m man* 
should likewuse be helpful m dealing with the results of many ex- 
perimental studies on growth, nutrition, or metabolism 

Such studies are carried out, almost w'lthout exception, upon the 
young of some species, and notew’orthily, in the present connection 
on subjects still immersed m the “flux of growth” It is just at 
this stage of life, moreover, that characteristic and often conspicu- 
ous changes in metabolism are known to occur Sufficient evidence 
in the 3 normal cases w^e have mentioned has already been brought 
forward to show' that these changes in metabolism, as portrayed in 

e Thompson, H L , and Megrail, E , Am J TLyq , 193-i, 19, 457 
1 Wetzel, X C , Pboc Soc Esp Biol. \\d 5Ied , 1932, 30, 3G0 
= Wetzel, X C,Proc Mat Acad 5c , 1!)34, 20, 183 

a AVetzel, X C , Proc Soc Exp Biol, axd JIed , 1932, 30, 227, 233 , J 
Pedmt, 1933, 3, 252, 1934, 4, 465 
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the data of other workers, are actually due to, and depend uniquely 
upon, the underlying and concurrent changes in growth itself 
Thus, taking the relation between growth, q, and swe, s, to be, 

as before,"' ■* p,loge~, with (i~ 1 = :;o, we may express the 

interdependence of growth and metabolism for the case of laboratory 
ammals as follows 

Growth + [Cal/M//i]] 

Metabolism A'-=U [Cal/M/TjJ 

the significance and dimensions of individual symbols having been 
outlined and applied elsewhere ‘ * For present purposes, however, 
we have briefly q, the rate of growth as distinguished from the rate 
oi gam (less commonly loss), a, / j , the resistance X., the inductance^ 
K, the permittance of growth , E, the net external work of growth, 
and Ec, the work of synthesis, each of the 2 latter constants being 
referred to the unit of mass (a) and charge of growth (g) , and 
finally, A , the heat of maintenance, in terms of power per unit mass 
liberated even when growth is m the state of rest, that is, whea 
g = 9 = 0 

These results lead to several suggestions for further experimental 
work m the fields of growth, nutntion, and metabolism For the 
methods which have succeeded in establishing the dynamic connec- 
tion (1) between the concomitant events of pure growth on the 
one hand, and those of heat production or metabolism on the other, 
would now appear to be of considerable assistance in the analysis of 
various questions ansing in these fields when growth itself is directly 
or indirectly put to experimental test 

How, for example, does a small quantity of lettuce incorporated 
into the usual diet of young white rats lead to an increase over the 
“normal” rate of gain?“ How, also, does the admimstration of 
anterior pituitary extract produce a somewhat similar result, the 
treated rats ultimately weighing about 16% more than the controls 
notwithstandmg the fact that the quantity of food remained the 
same in each group, or, even more unexpectedly, in spite of the fact 
that the fuel value of sacrificed carcasses proved to be less in the 
test animals than in the controls^ The former, it was found, con- 
tamed less fat Their tissues possessed, on the whole, the chemical 

— 1 Wetzel N c”, Psoa Soc Esp Biol and Med, 1933, 30 , lOLL 
- OuthoJse, Julia, and Mendel, h B , J Exp Zool , 1933, 04 , 257 
0 Lee M. O , and SehafEer, N K , J ilxUntxon, 1934, 7, 337 
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constituents recognized as characteristic of younger normal ammals , 
and the changes in body composition usually associated with ad- 
vancmg age, increasing size, and with progress toward maturity, 
did not take place 

The foregoing combination of results is one of the vanous pos- 
sible groups of effects to be expected when growth is artificially 
distorted , but it also turns out that precisely the combination which 
Lee and Schaffer describe should likewise be accompanied by de- 
creased heat production This is of especial interest since these 
authors have been able to show that the admimstration of anterior 
pitmtary growth hormone is followed by a drop m metabolism “ 
How, then, have the hormone, food, and growth combined, while 
acting together, to yield such results^ 

Other questions are likew ise suggested What imtiates the process 
of growth, or which factors are concerned with the natural accelera- 
tion of growth that usually takes place after the onsets What, 
finally, is responsible m chief part for the fact that growth m healthy 
structures is stnctly confined within “normal” limits, and to what, 
therefore, is “disorgamzed” groivth m unhealthy tissues to be 
ascnbed? 

Questions such as these are not necessarily to be considered as 
beyond the hope of further analysis or investigation It should, in 
fact, be possible to attack them on the experimental side with the 
promise that definite answers might be obtained m terms of the 
fundamental parameters set out in equation ( 1 ) Let us see how the 
matter could be expected to work out in practice 

To fix ideas, we assume that an investigator proposes to study 
several substances or procedures, say Vi, Xn by means ot 

their respective effects upon the young of certain species, w'hose 
domesticated “normal” rate of growth, (q)o, may be written, in 
view of the first of equations (1), in the fimctional form. 


{fl)o=F\poi ^o> ^oj iE)o} » (9)01 (?)o] ( 2 ) 


Fj accordingly, being characteristic of the species Now, (q)o will 
be altered bv any one, or suitable combinations of changes in the 
parameters, /)„, X„, induced by some external agent, as here 

byxi, X 2 In, and we shall have. 


(g)t=F[pi, K {E)i, , (9),, (9),] 

{q).=F[p,, (E)., , (9)„, (9)J 


( 3 ) 


F remaining the same since the species is unchanged 
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The problems occurring in practice are, however, just the con- 
verse of this, for the worker will wish to know which parameters 
are changed when the normal or control rate of growth, (g)o, has 
been experimentally altered Such a problem is clearly beyond solu- 
tion, as may be inferred from ( 1 ) so long as experimental observa- 
tions are limited to a study of change m size, alone The best 
that could be done would be a determination of the ratio p/\, which 
has the dimension [T"'] simply But, since qn n) can be com- 
puted with the help of (1) and (2) from the experimental meas- 
urements of size. It IS evident that a simultaneous study of heat pro- 
duction will at once permit the numerical evaluation of the individual 
constants, p„ K, Ky (-£")=, (Bo)n, etc., 

since the data on heat may be adjusted to the accompanying equa- 
tions, 

(£,)„ (A% {q)„ (^)a 

{U).=<i>\p.y (EX, (AXy (g)„, {g)U 



for substances ii, u respectively, the function remaining the 
same as long as the observations are taken on the same species of 
organism Equations (4), accordingly, provide a method of de- 
termining the p's and hence, with the latter known, a method for 
computing all of the remaining constants along with their probable 
errors if least square procedure be adopted as in the case of Bufo 
vulgaris previously reported - In experiments n, vn we shall 

obviously meet the various possibilities suggested by the relations 


pl ' 
ps 

1 

> 

'=p=. 

J 

> 

{EX' 

{EX 

> 

\={EX 

'• 


< 


< 

{EX. 

< 



The effect, therefore of any foodstuff, or of any procedure that 
influences growth may always be estimated in terms of the funda- 
mental properties of growth, p, X, k, and E, which are held to govern 
the motion of growth m that particular system Whether such sub- 
stances “promote” or “inhibit” growth, their action will become 
mamfest by means of the respective changes which they induce m 
the normal control values of these 4 parameters of state The point 
should ultimately be reached where the more important substances 
or procedures v., {eg. vitamins, hormones or other 

materials) could be classified with respect to their several or mdi- 
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vidual effects upon the fundamental properties of growth, p, k, E 
At that stage it will have become apparent whether a suitable choice 
of the V s will permit growth to be placed under full control or not 
Summary (1) Post-embryonic grow^th of common laboratory 
animals is governed, in accordance with the first of equations (1), 
by 4 fundamental properties of growth represented by the con- 
stants p, X, K, and E (2) Rates of growth (q) are altered when any 
one, or suitable combinations of these parameters are changed by 
experimental means In practice, however, the problem is more 
likely to be the converse of this which parameters are changed 
when the normal or control rate of growth is known to have been 
altered? Such a problem is msoluble so long as observations are 
limited to measurements of change in size, zr, alone (3) Heat 
production “during growth’ (q^O^q) is quantitatively dif- 
ferent from heat production when growth is in the stationary state 
(q =: q = 0') Heat production per unit time per umt mass is 
synonymous with metabolism, and the latter is dynamically related 
to growth via the properties represented by p and Ec (4) The 
values of all constants along with their P E’s can be computed from 
simultaneous data on growth and metabolism (5) The effect of 
any foodstuff, or of any procedure that influences growth can 
therefore be estimated in terms of the control values p„, X„, 
and (E)^, and the substances themselves may be compared by 
means of the respective changes induced in these four fundamental 
parameters of state 


7585 C 

Effcvt of Certain Physical Factors on the In Vitro Testing of 
Anthelmintics 

PAUL D HARWOOD (Introduced by P D Ijmson.) 

From the Department of Pharmacology, Vanderbilt University School of Medi- 
cine Xashville 

Although certain in\ estigators ha\ e done much to destroy con- 
fidence in the \alue of in zilro methods ot testing anthelmintics bv 
draw mg too sweeping conclusions from uncontrolled experiments, 
these methods are ot %alue and were used successfully bv Lamson 

•The funds for carrying out this work were given by the International Health 
Division of the Rockefeller Foundation 
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tTe ^ve 

canctde of relatively low toxiatv Th 
of ascancides is described elsewhere bu\Th 

^cess of the drug^us!"bfprSrnrinTeT”h 
best results, but he makes no mention of 

state of the excess However a soliri /^v physical 

a liquid excess as will be shown If lar less effective than 

heptyl resorcinol, are allowed to stanrl f substances, such as 
1,000 parts of 0 9% NaCl solution at 37° ^ with 

will be dissolved, but as these substanrA ^ ’ f chemical 

1,000 a soI,d »oas3 w,ll r.Z „ TZr ' “f”'’*' ‘ “ 

Chemical is heated m contact with the T 
NaCl and cooled to 37° C we shall hav ;> amount of 09% 

saline w.th the sole ^. 110 , 0^0 ^" t 

excess is a solid, while in the othS ,t ,c the undissolved 

these 2 mixtures are tested against ZanTT'^t 
IS found that the one with hqZZZssZn 
shorter time Table I records the result, ^he worms m a much 
these substances were tested with both a solid several of 

But many solids which have possibl u^^ as " 
not remain hqmd when cooled to 37° n u ^"tlielmintics will 
adidterate these higher melting substances with ! necessary to 
to keep them m the liquid phase Manv hn ^ 
this laboratory with tit purpose m 2d 'if 
was either toxic to the worms or it mhib.Vd f ^ 
activity of the drugs being tested n-Hexar,^ h "legree the 

pose better than any other chemical as it isZnZ 
and has comparatively little effect upon the dm jf k 
II shows the results obtained when solid suhi ^^ble 

with mhexane substances are liquefied 

It IS well known that the molecules of a .„h 
state are much more motile than molecules of a liquid 

m a solid state In the former case they are in substance 

tion to one another but may freely move about 

^t^nwon, P D, Brown, H. W, Ward, ^_^g ^d mass, 

Exp Bioi* and Med , 1930, 28, 191 boma, B H., Paoa Soo 

siiamaoa, P D , Brown, H. W, and Harwood, Pc t,, p 
8 Lo Monaco, Arch Ual. de Slot , 1896, 28, 816 
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TABLE I 


Drug 

Melting 

point 

Exposure necessary to 
kill A lumbncotdes in 
solid excess liquid excess 




jmiu 

1 propyl naphthol 2 

57° 

10 

25 

2 propyl naphthol 1 

49° 

30 45 

10 20 

amyl resorcinol 

71 5 73° 

IS 

o 

heptyl ” 

73 74.5° 

5 10 

2 

0 phenyl phenol 

50° 

20 60 

5 


TABLE n 


Melting 

Drug point 


p (3 amyl) phenol 75 5-76° 

eyelo hexyl reaorcmol 128° 

p tertiary amyl phenol 93 04° 
p tertiary butyl ” 97 98° 

p chlorothymol 64° 


Exposure necessary to kill 
Amount of A litmhncoides with 
n hexane pure drug adulterated drug 


% min min. 

20 2 
1 180 2 

1 20 2 

1 20 2 

^ 20 5 


while molecules in a solid have certain more or less definite positions 
relative to their neighbors and are accordingly, more restricted 
m their movements A liquid will, therefore, dissolve much more 
rapidly in another liquid than the same substance in a solid state 
would dissolve in the same solvent With these slightly soluble 
anthelmintics the removal from the test solution of a small amount 
of the drug would appreciably lower the degree of saturation With 
a well agitated mixture this situation would be rapidly remedied if a 
liquid excess of the drug is present However, a solid excess with 
Its less motile molecules would be much slower in replacing the re- 
moved drug, and the test ammals would be exposed to a much lower 
concentration of the drug Furthermore, a liquid excess would be 
able much more readily to penetrate directly into the worm without 
passing through a dissolved phase than would be the case with a 
solid excess 
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Effect of a High Salt Diet on Survival of Adrenalectomized Rata 

EOBEET GAirNT, CHAELE8 E TOBIN, aud JO HOWLAND GAUNT 
(Introduced by W W Smngle ) 

From the Department of Biology, College of Charleston, S G , and the Biological 
Laboratory, Cold Spring Harbor, L 1 

That NaCl is beneficial m the treatment of experimental adrenal 
insufficiency was established by the earlier work of Stewart and 
Rogoff Banting and Gairns,* Marine and Baumann,^ and Corey 
and the recent w'ork of Loeb ct al," “ Harrop et al' Swingle et ai, 
Zwemer,® and Rubm and Krick 

A consensus of the findings is that NaCl feeding in dogs and cats 
will prolong but not indefinitely maintain, life after total adrenal ab- 
lation Rubin and Knck found, however, that in 8 rats a drinking so- 
lution of 0 0329% CaCU, 0 015% MgCl, 0 07% NaCl and 0 035% 
KCl given upon the appearance of adrenal insufficiency symptoms, 
would maintain life for 4 months or more in animals which normally 
would not live longer than 10 days At the time of their publication 
these authors had apparently not determined, by discontinuing treat- 
ment, whether accessory adrenals had assumed a functional condi- 
tion From their work it would appear that the rat, unlike the cat and 
dog, will live indefinitely if fed a high salt diet after adrenalectomy 
At the time of Rubin and Krick's publication we were studying the 
effects of adding salt to the diets of adrenalectomized rats In addi- 
tion to this we adopted their technique of adding salt to tlie drinking 
water, a method probably more effective 

In previous expenence with our rat colony we found that ap- 

1 Eogoff, J M , and Stewart, Q N , Aw J Phys , 1928, 84, 649 

a Banting, P G, and Gairu*, 8, Am J Phys, 1926, 77, 100 

» Marine, D , and Baumann, E J , Am / Phys , 1927, 81, 86 

■4 Corey, B L, Am J Phys, 1927, 70, 633 

5 Loeb, E. P , Paoa Soc Exp Bioi:.. and Med , 1933, SO, 808 

0 ijoeb, E P , Atchley, D W , Benedict, E M , and Leland, J J , J Exp Med , 
1933, 57, 775 

1 Harrop, G A , SofEer, L. J , Ellsworth, E , and Treacher, J H , J Exp Med , 
1933, 58, 17 

8 Swingle, W W, Pflffner, J J , Vars, H. M, and Parkins, W M, Am J 
Phys, 1934, 108, 159 

0 Zwemer, E L , Endocrinology, 1934, 18, 161 

loEubin, M. E, and Krick, B T, I^o Stxi. Exp Biou and Med, 1933, 
31, 228 
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proximately 95 % do not survive adrenalectomy In the latest 
adult control senes 4 out of 24 survived longer than 30 days, 2 
longer than 50 days 

In the present experiments, 15% NaCl was added to the stock 
diet* m part of the cases, 2 5% m the others Either the Rubin- 
Krick salt solution or 0 9% NaCI solution was given the animals 
to drink As far as we could tell one of these feeding-drinkmg com- 
binations was no more effective than another, so further distinctions 
between them are not made here 

Twenty-three young, but mature, adrenalectomized rats, weigh- 
ing from 140 to 200 gm , were studied The salt treatment was 
continued for 30 days after adrenalectomy, at which time distilled 
water and the stock diet were substituted The results of this treat- 
ment from the standpoint of survival can be conveniently divided 
into 3 categories 

1 Five cases, unlike those of Rubin and Knck, succumbed from 
14 to 25 days after operation, t e , during the course of treatment 
with typical symptoms of adrenal insufficiency 

2 Six animals survived and gamed weight during the course of 
the treatment, were apparently in good condition when the treat- 
ment was stopped, but after being returned to normal diet developed 
adrenal insufficiency and died in 10 to 15 days 

3 Twelve animals, approximately 50%, survived m good con- 
dition while treated, and after treatment was discontinued gamed 
weight and remained m apparently normal health until killed for 
autopsy 8 or more weeks after operation In 7 of these animals 
accessory adrenals were found 

The survival of 50% after treatment was discontinued is similar 
to the results we obtained m this colony after withdrawing cortical 
hormone treatment ^ Thus it would appear that any agent that will 
delay the appearance of adrenal msuffiaency will, probably by allow- 
ing time for the hypertrophy of accessories, cause indefinite survival 
m this colony in about 50% of the cases f 

11 Gaunt, B., Am J Fhys , 1933, 103, 4fl4 

•Out stock diet is composed of 9 parts by -weight of GUP Caif Meal, and one 
part ground meat and bone scrap To this is added yeast, cod liver oil, and 
lettuce. 

12 Gaunt, B , and Gaunt, J H , Pboc Soc Exp Biou AM) Med , 1934, 31 490 

tSinee these experiments -were completed we have earned out a series of similar 

studies using nniTnnla operated at 30 days of age This latter work is snlBciently 
complete to mdicato that the results obtained are similar to those reported above 
for adults, although the total fatalities are considerably greater 

XR Amlwf 0 /A. ACf.\ On^r^r^nA Invs/T no 0 
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Effect of a High Salt Diet on Survival of Adrenalectomized Rata. 

EOBEBT GAUNT, CBuVELES E TOBIN, amd JO HOWliAND GAUNT 
(Introduced by W W Swingle ) 

From the Department of Bwlogy, College of Charleston, S C , and the Btclogieel 
Laboratory, Cold Sprxng Harbor, L I 


That NaCl is beneficial in the treatment of experimental adrenal 
insufficiency was established by the earlier work of Stewart and 
Rogoff Banting and Gairns ' Marine and Baumann,’ and Corey , 
and the recent work of Loeb ct al,"''' Harrop et al,' S\Mngle et d, 
Zwemer,® and Rubin and Krick *" 

A consensus of the findings is that NaCI feeding in dogs and cats 
will prolong but not indefinitely maintain, life after total adrenal ab- 
lation Rubin and Krick found, however, that m S rats a dnnking so- 
lution of 0 0329% CaCl., 0 015% MgCl, 0 07% NaCl and 0 035% 
KCl given upon the appearance of adrenal insufficiency symptoms, 
would maintain life for 4 months or more in animals which normally 
would not live longer than 10 days At the time of their publication 
these authors had apparently not determined, by discontinuing treat- 
ment, whether accessory adrenals had assumed a functional condi- 
tion From their work it would appear that the rat, unlike the cat and 
dog, will live indefinitely if fed a high salt diet after adrenalectoni) 
At the time of Rubin and Krick's publication we were studying the 
effects of adding salt to the diets of adrenalectomized rats In addi- 
tion to this we adopted their technique of adding salt to tlie drinking 
water, a method probably more effective 

In previous experience with our rat colony we found that ap- 

1 Bogoff, J M , anJ Stewart, G N , Am J Phys , 1928, 84, 049 
2 Banting, P G, and Gaima, S , Am J Phys, 1920, 77, 100 
» Marine, and Banmann, E J , Am J Phys , 1927, 81, 86 
i Corey, E L , Am J Phys , 1927, 70, 633 
s Loeb, B. P , PEOa Soo Exp Bion. and Med , 1933, 80, 808 
0 lx)eb, B. P , AtcUey, D W , Benedict, E M , and l.eland, J J , J Sxp Med , 
1933, 87, 775 

7 Harrop, G A , Softer, L, J , Ellsworth, B , and Treacher, J H,, J Exp Med , 


1933, 58, 17 

8 Swingle, "W T? , Pfiffnei, J J , Vara, H M , and Parkins, W M , Am J 
Phys , 1934, 108, 159 

0 Zwemer, B U, Endocrinology, 1934, 18, 161 
loEnbm M. I, and Knck, E T, Pboo Sckj. Exp Btou ako Med, 1933, 


31, 328 
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proximately 95 % do not survive adrenalectomy In the latest 
adult control senes 4 out of 24 survived longer than 30 days, 2 
longer than 50 days 

In the present experiments, 1 5% NaCl was added to the stock 
diet* in part of the cases, 2 5 % m the others Either the Rubin- 
Knck salt solution or 09% NaCl solution was given the animals 
to drink As far as we could tell one of these feedmg-drinkmg com- 
binations was no more effective than another, so further distinctions 
between them are not made here 

Twenty-three young, but mature, adrenalectomized rats, weigh- 
ing from 140 to 200 gm , were studied The salt treatment was 
continued for 30 days after adrenalectomy, at which time distilled 
water and the stock diet were substituted The results of this treat- 
ment from the standpoint of survival can be conveniently divided 
into 3 categones 

1 Five cases, unlike those of Rubin and Krick, succumbed from 
14 to 25 days after operation, t e , during the course of treatment 
with typical symptoms of adrenal insufficiency 

2 Six animals survived and gained weight during the course of 
the treatment, were apparently m good condition when the treat- 
ment was stopped, but after being returned to normal diet developed 
adrenal insufficiency and died m 10 to 15 days 

3 Twelve animals, approximately 50%, survived in good con- 
dition while treated, and after treatment was discontinued gamed 
weight and remained in apparently normal health until killed for 
autopsy 8 or more weeks after operation In 7 of these animals 
accessory adrenals were found 

The survival of 50% after treatment was discontinued is similar 
to the results we obtained in this colony after withdrawing cortical 
hormone treatment “ Thus it would appear that any agent that will 
delay the appearance of adrenal insuffiaency will, probably by allow- 
ing time for the hypertrophy of accessories, cause indefinite survival 
m this colony m about 50% of the cases f 

11 Gaunt, E., Am J Phys , 1933, 103, 494. 

•OttT stock diet is composed of 9 parts by weight of GLF Calf ideal, and one 
part ground meat and bone scrap To this is added yeast, cod liver oU, and 
lettuce. 

12 Gaunt, B , and Gaunt, J H , Pboc Soc Exp Biol, and Med , 1934, 31, 490 

t Since these experiments were completed we have earned out a series of similar 

studies using animals operated at 30 days of age. This latter work is sufficiently 
complete to indicate that the results obtained are similar to those reported above 
for adults, although the total fatalities are considerably greater 

Of 40 untreated controls only 2 (4.45&) survived for as long as 2 months and 
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lions or by feed.n/iorm:? si “rr^otoS 
were not a' M 

adrenal msufficiencv tilth u u temperature indicated severe 
.n every ^Sef rtlVt^r^taTl 


/ 30 / f 


8 KATZENELBOGEN axd T czabskl 
Wtt PAipp, P^ck, ,tno CUn.c, John. IJopUn. Bo.pUal 

&ir~“ " 

assumption the precipitates of blood proteins retain 

of bromide ^ However, with another meiiod' fo" XT" TT 

termination in which, like Wuth we also uccrt ^ the bromide de- 

we were always able to recover' tW SilTir, T^' 

solved in various specimens of blood serum ^ bromide dis- 

Having" inferred from these finding's thaf nri^fD* 
tially responsible for the loss of bromide vve^trie/^ T 
effect of various blood components on the bromideTV” 

Dissolving, respectively, uric acid, creatinine urea p-I 

acids (glycme), lactic acid, pobssium sulfate, so^SZ'rZZ' 

magnesium-ammomum phosphate, potassium iodide o 

these when lulled for autopsy showed large necessoriea iww 

■mthm 34 days, the average survival was 8 days. ^ 6%) died 

In 41 animals given salt treatment for 30 days afte 
(43.9%) died during the course of treatment, the average 

Twenty three animals (56 1%) were alive when the treatment ^ ® days. 

At this writing the survival of this group, after treatment mu discontinued 
been determined * Ima not 

1 Katzenelbogen, S, and Goldsmith, H, Am J P.ych , 1931 
3 Hauptmann, A., Klin Wochnschr , 1925, 4 , 1629 ' ' ’ 

3 Wnth, 0 , J A il A , 1927, 8S, 2013 

4 Hastings, A. B , and van Dyke, H. B , g Biol Chem , 1931^ 02 SA 
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chlonde in aqueous solutions of sodium bromide, we foimd that 
only sodium chloride influenced the results obtained with Haupt- 
mann’s colonmetric determmation of bromide The more sodium 
chlonde added, the hghter became the color, and the less bromide 
was found 

On the basis of this observation we attempted to modify Haupt- 
mann’s procedure, so as to eliminate the error arising from the 
presence of sodium chlonde The pnnciple of our modification 
consists m equalizing (as nearly as possible) the NaQ concentration 
m the blood serum, spinal fluid and standard before carrying out 
the color reaction (due to formation of gold bromide) For that 
purpose we used, instead of distilled water, salt solutions for the 
dilution of the blood serum and for the preparation of the standard 
In view of the fact that the cerebrospinal tluid commonly contains 
considerably less bromide than the blood serum, it is used undiluted 
for the bromide analysis No sodium chlonde need be added to 
the cerebrospinal fluid because its sodium chloride concentration 
very nearly approaches that of our blood serum dilutions and of the 
standards prepared with salt solutions 

TABLE L 

Experuneats with ocrtun Experiments with spinal flnid 


NaBr (1) NaBr (2) NaBr NaBr (1) NaBr (2) NaBr 

added recovered recovered added recovered recovered 


SO 

420 

(- 

-16 

0) 

SO 

5 

(+10) 

10 

86 

(- 

-14.0) 

10 2 

(+2 0) 

100 

84.3 

(- 

-15 

7) 

100 

0 


0 ) 

20 

17.2 

(- 

-14.0) 

20 3 

(+1 5) 

150 

126 7 

(- 

-15 

7) 

149 

0 

(-0 7) 

40 

33 3 

(- 

-16 7) 

400 

( 0 ) 

200 

165 7 

(- 

-17 

1) 

197 

5 

( 

—13) 

60 

48 3 

(- 

-19 5) 

58 3 

(—23) 

250 

203 

(- 

-17 

2) 

246 


(■ 

-16) 

80 

60 0 

(- 

-25 0) 

80 7 

(+0 9) 

300 

245 

(- 

-18 

3) 

297 


(■ 

-10) 

100 

69 0 

(- 

-310) 

103 5 

(+3 5) 


(1) by Hany tmann ’s procedure, (2) by the modified procedure 
Ihgures are in mg % Figures in ( ) are differences in % 


Table 1 shows that with the onginal Hauptmann’s procedure 
losses of bromide were registered, conversely, with our modified 
procedure the amounts of sodium bromide dissolved in vanous 
specimens of blood serum and of cerebrospinal fluid were totally 
recovered 

The technique of the modified method is essentially the same as 
the technique previously described,^ except for the following differ- 
ences (a) Dilution of blood serum with a 0 75fi) NaCl solution 
(instead of water ) (b) The stock solution contains NaBr 166 8 
mg % (instead of 142 mg %) in a 0 70% NaCl solution (instead 
of water) (c) The working standards are prepared with a 0 70% 
NaCl solution (instead of water) 
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Acid Fuchsm for Demonstration of Ingestion m Paramecium 

caudatum 

BLBEBT C cole (Introduced by A. B Adams ) 

From the Department of Biology, Williama College 

The study of ingestion in Paramecium is ordinarily accom^nied 
by considerable difficulty due to the fact that there is lit ^ 
ence in color between the animal, the surrounding medium, and we 
bacteria wluch serve as food The followmg method differentiates 
these elements by means of contrasting colors 

The dye used in this investigation was acid fuchsm, certihcation 
number NR-2, having a dye content of 62% Solutions were pre- 
pared with distilled water so that their described percentages rep- 
resented the actual dye strength t ram- 

Two drops of culture fluid containing large numbers ot para 

mecia were placed on a clean slide, a drop of 1% solution of acid 
fuchsm added, and a cover glass applied The fluid formed a thi 
layer under the cover glass, but the dye solution was unequallv dis- 
tributed The preparation was allowed to stand undisturbed for o^ 
or 2 minutes, then examined under low magnification with reduced 
Imht The paramecia, under these conditions, appeared to be out- 
lined sharpl^n black A portion of the fluid was then dravm off 
hv the apphcation of a strip of filter paper, thus reducing the thick- 
nLf of ffie film of solution under the cover glass In this thinner 
lav^-r oaramecia appeared to be colored a pale, luminous green, 
rnlor bein? deeper m those animals which had spent some time 
^^the more diply colored portions of the preparation before swim- 
i ,ntn the lighter areas It must be emphasized here that this 
n,,ng out into the hgh^ only when the amount of liquid under 

Ae°coverg°lass is small, it wiU not appear if the cover glass “floats 

1 ouiet Paramecium is studied under high magnification, the 
and the formaUon of food vacuoles may be seen 
process of mg clearness The green animal hes m a red or 

with a diagram g^j-teria, stamed pmk or red, are swept into the 
pink (jue to the color of its fluid contents, appears 

cytopharynx w , membrane can be clearly seen m 

a delicate piim cytopharynx the forming food vacuole 

action At contents m rapid motion due to the continuous 

may be observed, i vacuole is sharply set 

entry of additional water an 
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off from the surrounding green protoplasm Finally the sharp con- 
traction of the protoplasm at the tip of the cytopharynx may be 
observed, and the course of the newly formed food vacuole, w'lth 
Its pink and red contents followed in its passage through the cyto- 
plasm 

It should be pointed out that this color phenomenon is in no way 
due to changes m pH It is not, therefore, an indicator effect such 
as was described by Nirenstem,* The effect has been dem- 
onstrated in several microscopic organisms by the use of acid 
fuchsin, phenosafranin or erythrosm It appears to be a physical 
phenomenon, closely related to the evastence of extremely thm 
films of dye solution Further study of this effect is under way 


7589 C 

Polarization Studies m Tissue Models * 

11 SPIEGEL-ADOLP XTO E A. SPIEGEL 

From the Deportment of CoUoid Chemistry and the Department of Expenmental 
NeuMogy, D J McCarthy Foundation, Temple University School of Meiimne, 

Philadelphia 

It IS know n that the electnc resistance of ammal tissues, contrary 
to that of solutions, is not determined by the law of Ohm alone.^ 
This has been explained as consequence of polarization caused by 
semipermeable cell membranes at cell mter faces The degree of 
polarization and, therefore, of the permeability can be measured 
by the capacitance or inductance needed to obtain a sharp minimum 
on the W'^heatstone bridge As further mamfestation of polariza- 
tion, the resistance of tissues decreases with the mcreasing fre- 
quencv of the alternating current While other authors worked 
mostly with methods based on the first phenomena, we used 
the difference in conductivit)' at high and low frequenaes as meas- 
ure of membrane polarization and permeability In order to eluci- 
date to some degree the chemical and colloid-chemical conditions 
underlying the polarization and permeabiht} phenomena, different 
artificial membranes with Mrious constituents were used 

\ Wheatstone bridge was emplo\ed Alternating currents of 

1 Nirensteia, Edmund, S f iri*8 7ool , 1925, 125, 513 ~~ 

* Aided bj- a grant from the Ella Saehs Plotz Foundation 
1 Gildemeister, hL, Sandb d norm und pathol Physiol , 1928, 8, 657 
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various frequencies (560 to 6890 cycles) were provided by an os- 
cillator built according to the description of Jones and Joseph,* in 
combination with an amplifier f The difference bet\veen the con- 
ductance at highest and lowest frequency was expressed in percent- 
age of the conductivity at low frequency This value will be called A 
in this paper In order to obtain a sharp minimum, variable capac- 
ities (up to 0 5 M F ) were employed The conductance vessel 
consisted of 3 glass cells, the outer cells contained electrodes of 
platinum wire gauze covered with black of platinum Their sur- 
face was 3 8 cm the distance was 21 mm Between the outer 
cells and the middle cell one or 2 membranes could be placed The 
apparatus was filled with KCl solutions, whose concentration vaned 
depending on the resistance of the membrane ( 01-1 n solutions) 
The method was first checked on frog’s skins which gave a A of 
23% (high frequency 6890 cycles, low frequency 560 cycles) 

Res^dls When parchment, collodium, 30% gelatine membranes 
hardened in formaldehyde (Collander^), 30% gelatine membranes 
containing 2 5% pseudoglobulin were measured, A did not exceed 
0 4% Thus proteins alone seem to play no or only a mimmal part 
in the mechanism of polarization observed in tissues 

The behavior of lipoid membranes (containing egg lecithin 
Merck, pure lecithin, or kephalin from human brains) depends on 
their preparation The first group of these membranes was pre- 
pared from collodium-ether solutions containing from 2-5% of 
the respective lipoids in molecular or lowly polymerized dispersion 
These membranes showed definite polarization phenomena (See 
Table I ) 

In the preparation of the second group of the bpoid membranes, 
gelatme, up to a concentration of 30%, was added to watery colloid 
solutions of lecithin or kephahn While the lecithin-gelatin mem- 
branes were translucent, the kephalin-gelatin membranes were 


TABLE L 

Frequency of the 
alternating current 

A for 

A for 

low 

high 

1 membrane 

2 membranea 

1116 

4860 

4 7% 


660 

4860 

9 % 

40 6% 

660 

6890 


7L2% 

560 

4860 

16 7% 

660 

6890 

16 6% 



Lecithmm % 


'i Jonea, G , Joseph, B. 0 , / Am Chem Soo , 1928, 50, 1049 
t "SVe iviBli to express our thanks to Dr G Henny for hia help in building the 


“"'^^iLnder, B, Frotoplasma, 1927 , 3, 213 
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opaque Nevertheless they gave the same results m the conductance 
measurements, both showing low values of A (maximum 4% ) 
These expenments show that polarization phenomena as observed 
m animal tissues can be mutated by hpoids They show, further- 
more, that the polarization, as measured by A, depends on the de- 
gree of dispersion of the hpoid in the membrane Membranes con- 
tauung the hpoid in fine dispersion show high degree of polarization 
(high value of A ) as do animal tissues, while membranes with 
lipoids in coarse dispersion show no or only minimal polarization 
This conclusion is corroborated by microscopical studies of the 
hpoid membranes The coUodium-lecithin membranes are homo- 
geneous, while the gelatin-lecithin membranes show doubly refract- 
mg lecithin lumps in irregular distribution 

The polarization of the hpoid membranes (as expressed by A) 
was increased when the membranes were placed in 05 n HCl for 
24 hours It was diminished or destroyed by analogous treatment 
with 05 n NaOH or 95% alcohol The change in the alcohol was 
irreversible due to the extraction of lecithm The polarization of 
lecithin membranes treated with alkah could be restored by subse- 
quent exposure to acid ( 05 n HCl) 

These experiments on membranes were followed by similar 
studies on brain tissue According to NemsP and otliers, excita- 
tion IS supposed to be due to a change of ion concentration on semi- 
permeable membranes Thus it seemed of interest to study agents 
that influence the convulsant reactivity in regard to their effect upon 
the polarization of brain tissue nith this method It was found on 
the cerebral hemispheres of cats and guinea pigs that A dimimshes 
under the influence of agents that produce a swelling of the tissue 
(hypotonic salt solutions, alkali) These studies are being con- 
tinued with speaal reference to convulsive reactions 
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Cause of Liocative Effect of Feeding Brcin Pentosan and 
Cellulose to Man 

WiL H OLilSTED, GEORGE CURTIS avd O K TlirVL 
From Washington Vnivertitn School of Medicine, St JUiuis 


Recent work suggests that the laxative effect of bran in animals 
and man is due to its fibre content But in addition to fibre there 
< Nemst, W, Pflugers Arch f Physiol, 190S, 122, 275 
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various frequencies (560 to 6890 cycles) were provided by an os- 
cillator built according to the description of Jones and Joseph," in 
combination with an amplifier t The difference between the con- 
ductance at highest and lowest frequency was expressed in percent- 
age of the conductivity at low frequency This value will be called A 
m this paper In order to obtain a sharp mimmum, variable capac- 
ities (up to 0 5 M F ) were employed The conductance vessel 
consisted of 3 glass cells, the outer cells contained electrodes of 
platinum wire gauze covered with black of platinum Their sur- 
face was 3 8 cm the distance was 21 mm Between the outer 
cells and the middle cell one or 2 membranes could be placed The 
apparatus was filled with KCl solutions, whose concentration varied 
depending on the resistance of the membrane ( 01-1 n solutions) 
The method was first checked on frog’s skins which gave a A of 
23% (high frequency 6890 cycles, low frequency 560 cycles) 

Results When parchment, collodium, 30% gelatine membranes 
hardened in formaldehyde (Collander^), 30% gelatine membranes 
contaimng 2 5% pseudoglobulin were measured, A did not exceed 
0 4% Thus proteins alone seem to play no or only a mimmal part 
m the mechanism of polarization observed in tissues 

The behavior of lipoid membranes (containmg egg leathin 
Merck, pure lecithin, or kephalin from human brains) depends on 
their preparation The first group of these membranes was pre- 
pared from collodium-ether solutions containmg from 2-5% of 
the respective lipoids m molecular or lowly polymerized dispersion 
These membranes showed definite polarization phenomena (See 
Table I ) 

In the preparation of the second group of the hpoid membranes, 
gelatme, up to a concentration of 30%, was added to watery colloid 
solutions of leathin or kephalin While the lecithm-gelatm mem- 
branes were translucent, the kephalin-gelatin membranes were 


TABLE L 


Lecithin in % 


Frequency of the 
alternating current 
low high 



A for 

1 membrane 


A for 

2 membranes 


2 Jones, G, and Joseph, B. C , J Am Chem Soc , 1928, 60, 1049 

1 We wiahto express oni thanks to Dr G Henny for ius help in building the 

“"tSnder, B, Protoplasma, 1927, 3, 213 
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Elffect of Gelatine Feeding upon Cases of Pseudohypertropliic 
Progressive Muscular Dystrophy 

PAtTL KISNEH, EDWAED 8 WEST and J ALBEBT KET ' 

From the Department of Biological Chemtstry and the Department of Orthopedic 
Surgery, TFaahington Dmverstty School of lledmne 

The beneficial eflFects of glycine feeding upon several cases of 
muscular dystrophy reported by Milhorat, Techner and Thomas^ 
prompted the waters to investigate the effect of prolonged gelatme 
feeding upon 3 boys,® well advanced cases of pseudohypertrophic 
progressive muscular dystrophy, patients in the Shriners’ Hospital 
for Crippled Children. T The boys, C E , MS, and D G were 11, 

9 and 8 years of age, respectively D G was able to walk but could 
not arise from a sitting position , C E and M S were imable to walk 
and could move only by sittmg and pushing themselves along with 
their hands The boys were removed from bed each morning and 
encouraged to exercise as much as they would during the day The 
period of study extended throughout most of one year and included 
a preliminary control period on a meat-free diet, a prolonged period 
of gelatine feeding without meat, followed by a period without 
gelatme Creatimne and creatine determinations were run on care- 
fully collected daily unne samples At mtervals the ability of the 
3 children to exerase was determined by having them walk (or 
slide if unable to walk) until exhausted, a record being kept of the 
distance covered A tabulation of data on C E , the most severe 
case, is given in Table 1 as illustrative of tlie findings in all these 
cases Gelatine feeding markedly increased the excretion of crea- 
tine m all cases as previously found by Gibson and Martin ® The 
increase was greatest in C E , the most severe case, and least m 
D G , the mildest case An increase followed by a decrease was ob- 
served as found by Milhorat, Techner and Thomas durmg glycine 

*The writers are indebted to the Charles B Knox Gelatme Company, who 
kmdly supplied the gelatine for the investigation. 

1 Milhorat, A T , Techner, P , and Thomas, K., Peoc Soc Exp Biol, and 
Med , 1932, 20, 609 

2 Freiberg, I K., and West, E S , J Biol Cheni , 1933, 101, 449 

t These cases were used by Preiberg and West in a study of glyeme synthesis 
nnder benzoate stimulation. The writers are indebted to Dr C H. Crego, Jr , and 
hig staff of the Shnners’ Hospital for Crippled Children m St Louis for making 
these cases available, and for excellent cooperation m the study 

3 Gibson. E B , and Martm, T P , J Bwl Chenu, 1921, 40, 319 
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are large amounts of pentosan m bran The purpose of this work 
was to compare the laxative properties of these 2 nondigestible car- 
bohydrates, and also to determine whether the laxative effect was 
due entirely to the physical property of increasing the amount of 
unabsorbable matter and water content of the stool, or whether 
the metabolic products formed by the action of intestinal bacteria 
on them might be stimulating to the intestine The volatile fatty 
acids are one of the principal split products of the action of bacteria 
on both digestible and nondigestible carbohydrates We have al- 
ready shown them to be greatly increased when assimilable carbo- 
hydrate predominates in the diet * 

The plan of the work was to use 2 human subjects whose colons 
appeared normal by X-ray studies Four feeding periods each of 7 
days The first period consisted of feeding a nonresidue basal diet, 
in the second period the basal diet was supplemented with 35 gm 
daily of a crude preparation of pentosan from bran which contained 
40% pentosan by weight , in the third penod the basal diet was sup- 
plemented with 35 gm daily of a fraction of bran containing 50% 
crude fibre, and in the fourth period apples, apricots, and prunes 
were added to the basal diet 

The stools were weighed immediately and steam sterilized and 
sealed in fruit jars They were analysed for pentose by determining 
the nonfermentable sugar after acid hydrolysis and precipitated by 
mercuric sulphate The fibre was determined by the usual Weender 
method as outlined m official methods of Association of Agricul- 
tural Chemists Volatile acids by our own method - 

Of the pentosan fed, only 17% m one subject and 6 5% in the 
other was recovered in the stools In contrast to these results, 1027o 
and 95% of the fibre fed was recovered The marked destruction 
of pentosan did not increase either the volume of the stools or the 
output of volatile fattv acids When, however, fibre was fed, the 
volume of the stools increased in one subject 100% and m the other 
88% The volatile fatty acids also increased 56% in one subject 
and 74% the other During the penod when fruits were added 
to the basal diet there were definite increases m the stool volumes 
and amounts of volatile fatty acids 

Conclusions The pentosans of bran are not laxative while bran 
fibre IS definitely so The volatile fatty acids parallel the volume 
nf the stool and are not increased by the breakdown of pentosan 

w H-, Koemg, Karl, J Biol Chem , 1929, 85, ISt" 

■> OtostU, W H., Duden, C W , Whitaker, W M., Parker, E. P , J Biol 

cum, 1929, 88, US 
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obsen'ation showed httle change ivith possibly some further de- 
generation The creatine and creatimne excretions also indicate 
that the condition did not improve and probably became worse Not- 
withstandmg these facts, the general condition of the patients ap- 
peared some better during the gelatine feeding 

Fifteen gm of glycine were fed daily beginmng 7-16-33, and 
continumg for 3 months in the case of M S , 2 months in the case 
of D G and 2% months m the case of C E The characteristic in- 
crease m creatine excretion was observed, the increase being httle 
greater than caused by 28 gm of gelatine (eqmvalent to about 7 
gm of glycine) This suggests that constituents in gelatine other 
than glycme caused considerable of the increased creatine excretion 
The glyane feeding had no apparent beneficial effect 

The peculiar muscular sensations noted by Milhorat, Techner and 
Thomas dunng glycine feeding were not observed at an)-^ time in 
our cases 

The admimstration of ephednne sulfate (4 doses of 3/S gram at 
3 hour intervals) to the cases while on a meat-free diet did not sig- 
mficantly change the creatine or creatinine excretion Reinhold and 
others® reported the creatine excretion of a dystrophy case (type of 
dystrophy uncertain) as doubled by ephednne administration while 
receiving glycine 

D G excreted 72% of 10 gm of creatine when ingested after 
breakfast on a meat-free diet C E and M S excreted 87 and 65% 
respectively 

Conclusions Cases of paeudohypertrophic progressive muscular 
dystrophy seemed to be somewhat improved, as judged by exercise 
tests, by prolonged gelatine feeding The improvement, if any, was 
of a temporary nature and the progress of the condition was not 
arrested The creatmine coefficients were lower at the end of the 
gelatine feeding than before and the creatme excretion showed little 
change W e believe that gelatine feeding affords as much stimula- 
tion as glycme feeding m this condition 

5 Eemliold, J G , Clark, J H , Kingsley, G B , Custer, E P , and McConueU, 
3 Vf ,J A M A , 1934, 103, 261 
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“3 ta D c'Tstd" ' ' ““ 7^"”" 

sentmg a definite deerease in each case Ha'rr.sT3Si‘'tat 
pointed ont the correlation of a low creaumne coefficienTand 

A observed the same thing m 3 other 

cases (boys m the same family), m which the creatinine coefficients 
were inversely propoitional to the seventy of tlie condition 

T VBIjE I 


Perioda 

days 


Diet 


Crcatmino 
Ug 24 hr 
Vvcr 


24t 

24 

13 

16 

3 

7 

13 

14 
13 
17 
17 
24 
20 
12 


No meat, no gel 

" 18 gm gel 

” ” 23 ■> >> 

" ” 42 " ’> 

” ” 28 ” ” 

” ” no gel 

Same ” «“ 


No meat, no gel 
Same 

Hospital diet 
No meat, no gel 


Crcahno 
5Ig 24 hr 
Aver 


Eierciset 

SUd 

Peetmmin 


247 

233 

243 

214 

246 

247 
243 
230 
237 
191 
157 
172 
214 
193 


400 

527 

790 

808 

692 

641 

698 

672 

713 

660 

407 

401 

508 

459 


182 

101 

564 

298 

1456 

1820 

1456 

364 

1456 

546 

1638 

1350 

1450 

455 


15 

20 

25 

15 

100 

107 

135 

50 

142 

110 

150 

175 

200 

120 


,, increased progressively from 25 kilos on 7 1^ so ar s ^ 

ilueli of the increase was due to fat ' 6“ 3 30 33 

tBegan 7 13 32 Perioda continuous until 2 10 S’ vnti. n 
or U\o between some of the periods 20 davs plr.r,nrj k 1 eiceptiou of a day 
but the diet was unchanged 2% months elansed between pmoda 11 and 12, 
tExercise tests were |ivcn nt intovab oH 13 H- 

val between 9 22 32 and 10 11 33 weeks, and included the inter 

The last column of Table 1 eaves the reunite „ 

C E , throughout and following gelatine feeding S^TestTl^ve 
serious disadvantages, yet probably indicate something as to relative 
muscular ability As judged by this test all showed considtable 
improvement dunng the gelatine feeding and 2§ maintained it for 
sometime after gelatine was discontinued 

Clinical examination of the muscles throughout the neriod of 

t He had become quite fat dunng the experiment " ~ 

4 Harris, M. M , and Brand, E , J A M A, 1933, 101 1047 

G became tumble to tvalk durmg April of 1933 ' Gelatine feedum 
diBContmued, 1 S-i-SS in all cases eeaing 
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discussion on the relation of heredity to duration of hfe. Pearl® 
states, it “Indicates that from one-half to three-fourths of the death 
rate is selective m character, because that proportion is determined 
by hereditary factors Just m proportion as heredity determines the 
death rate so is the mortahty selective ” Obviously the known rela- 
tion of heredity to longevity, whatever its magmtude may be, has a 
defimte place m the problems of human constitution. But before 
this relation can be useful in these problems, the types of mhented 
characters must be shown to remain permanent, or relatively so, 
after type differentiation, and their possible age mcidences must be 
mvestigated- T/te only investigations of inherited characters in rela- 
tion to age and longevity, recorded in the literature, are those on 
human scapulae 

A brief summary of the writer’s studies based on human scapulae 
will indicate the possibilities of similar studies of other mhented 
characters and among these, blood groups Incident to family studies 
in 1906, he was led to classify the scapulae of man and some other 
mammals mto convex and scaphoid (straight, concave and mixed) 
types Observing m 1907, that convex types predominate in the old 
and scaphoid types m the young, he was led to mvestigate the ongm, 
permanence, distnbution and age mcidence of scapular types, as 
well as their possible relation to longevity His investigations 
show that, in man, the range m variation of scapular types is from 
the extremely convex through the straight to the extremely concave, 
their origin is pnmal, in man, they are transimtted with unusual 
constancy, regardless of sex, the scaphoid (straight, concave and 
mixed) types as dominants, they are differentiated m man m pre- 
natal life, they remain permanent in type in man throughout the hfe 
span, regardless of ageing processes, nutrition, health, disease, oc- 

« Pearl, B., The Biology of Death, p 177, Philadelphia and London, 1922 

7 Graves, W W , Med Secord (N Y ), 1910, 78, 861 

8 Graves, W W , Trans Nat Assn, for Study of Epilepsy and Care and Treat 
ment of Epileptics, 1911, 8, 56 

» Graves, W W , Contrib Med and Biol Besearch, dedicated to Sir WiUiam 
Osier, 1919, 1, 525 

10 Graves, TV Vf , Am J Physiol Anthropol , 1921, i, 111 

11 Graves, W W , Am J Phys Anthrop , 1922, 5, 21 

IS Graves, W W , Trans Am Assn, of Life Ins. iled Duectors, 1923 (Dis 
cussion DubUn, L L , Eogers, O H., Patton, J A , Hoffman, P L , and Graves, 
W W ) 

IS Graves, W W , Arch Int Med , 1921, 34, 1 

11 Graves, Vt V! , Z f Konslitutlons , 1925, 11, 717 
Graves, W W , Arch Int Med , 1925, 36, 51 

i« Graves, W TV , Glasgow Med J , 1925, 315 
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Possible Relation of Blood Groups to Age and Longevity 
WILLIAM WASHINGTON GBATES 

From the Department of Neurology and Psychiatry, St Loins University School 

of HCedtctne 

The writer’s purpose is to point out hitherto unrecognized possi- 
bilities of blood-group investigations in relation to the problems of 
human constitution 

Landsteiner found that blood-group formation is physiological, 
indepiendent of pathological processes ' This discovery and the find- 
ings of von Dungem and Hirszfeld" that groups A and B are trans- 
mitted as domimnts, stimulated much additional research on the 
problems of serology, heredity, anthropology, patermty and con- 
stitution Hirszfeld® has stressed the importance of further re- 
search on the relation of blood groups to the problems of human 
constitution 

The problems of constitution deal primarily with those innate 
characters which largely preserve mdividual identity, therefore only 
those characters which are classifiable into discernible types in the 
living, and which, after type differentiation, remain permanent, or 
relatively so, throughout the life span, may be useful in these prob- 
lems The results of all investigauons show that blood groups are 
innate and indicate that, after type differentiation early in life, the 
group inherited by the person remains permanent, regardless of dis- 
ease and other environmental influences,'* ® hence further research 
on the relation of blood groups to problems of human constitution 
may be of great promise, although the recorded results, thus far, 
are very contradictory May not the reasons for such results be 
found in the lack of uniformity in technical details, race, stock or 
even community differences, inadequate numbers and controls and 
possibly m the fact that blood groups have not yet been studied iH 
relation to age and longevity? 

The relation of heredity to longevity has long been recogmzed 
Genealogical and other studies show that longevity is heritable not 
only in man, but m lower forms ® In summing up his mathematical 

1 Landatemer, K , W llm Woch 3d , 1901, 14, 1132 
= V Dimgern, E , wid Hirszfeld, L , Z f ImmunUdts , 1910, 6, 284 
a Hirszfeld, L , Ergeb RyO Balteriol , 1926, 8, 366 

* Lottes L Dis Individuahtat des Biuies, Trans by Schiff, F , Berlin, 1935 
a Pearl, B . The Bate of Living, pp 1 18, New York, 1928 
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of Medicine and Sister Mary Francis, Technician, University Hos- 
pital The investigations of Sister Mary Francis deal ivith healthy 
and with hospitalized and out-patient material (white males and fe- 
males) in successive age penods from birth onward The results 
of her mvestigations will he published elsewhere Those of Pulley 
and Mitchell are wth white male students m the Medical School 
and ambulatory white male inmates of the St Louis Infirmary 
(Alms House) The results of their mvestigations thus far avail- 
able, arranged according to the mtemational classification, are shown 
m Table I 


TABIlB I. 


Age 

JTS. 

Total 

0 

A 

B 

AB 

No % 

No % 

No % 

No % 

22 26 

281 

U5 40^ 

112 39^ 

38 13^ 

16 5 7 

60+ 

500 

232 46 4 

203 40 6 

48 9 6 

17 3 4 



increase 

% increase 

% decrease 

% decrease 



13 9 

17 

28B 

404 


As far as known, the first mvestigations on the possible age ma- 
dence of blood groups are those of Pulley and IVIitchell and of Sis- 
ter iVIary Francis Pulley's and Mitchell’s results, thus far, are 
based on admittedly small numbers and while the number and per- 
centage differences in relation to age are comparable, they are not 
conclusive, even for the age penods represented However, the 
known age madence of scapular types and its explanation suggest the 
possibihties of further blood-group mvestigations in relation to age 
Such investigations by many workers with large numbers, repre- 
senting healthy and sick groups of different races or stocks and dit- 
ferent commimities of the same race or stock, may disclose defimte 
answers to the questions Is there an age incidence of blood groups^ 
If so, can It, hke that of scapular types, be explained on the known 
relation of heredity to longevity ^ Affirmative answers to these ques- 
tions will enlarge the usefulness of blood groups m relation to the 
problems of human consbtubon, as these are expressed m innate 
predisposibon to health or disease, innate capacibes for living and 
adaptabiht} in general 

Ackiiowledgeni^tits The ivnter mshes to thank Mr IL C Pul- 
ley and Dr J B Mitchell, Jr , for the use of their figures and to 
express his appreciabon of the encouragement given him bv Pro- 
fessors Aloyer S Fleisher and John Auer in the effort to stimulate 
further research on the relation of blood groups to the problems of 
human consbtution 
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cupation and other environmental influences, they are found in 
varying percentages in the remains of ancient and modern man and 
of some other mammals (gorilla, orang, champanzee, armadillo, 
bat et al) , they are present in varying percentages in the e\cellently, 
■well and poorly adaptable, regardless of age, race, stock and body 
build, in similar age periods, they may be present in varying per- 
centages in different communities of the same race or stock , and m 
skeletal material and in healthy and sick groups, representing suc- 
cessive age periods from childhood to old age, the percentages of 
convex types increase, while those of scaphoid types decrease His 
more recent figures on the age incidence of scapular types in white 
stocks are approximately as follows 6 to 15 years scaphoid types 
6Sfo, convex types 35% , 60 years and over scaphoid types 35%, 
convex 65% 

Since adequate investigations, including follow-up, lead to the 
conclusion that scapular types remain permanent throughout the hfe 
span, the only tenable explanation for their age incidence is better 
adaptability, less morbidity, greater longevity among the bearers of 
the convex than among the bearers of the scaphoid types This ex- 
planation IS supported by the writer's figures and those of 
others^’' showing that in the healthy and sick groups studiec m 
similar age periods there are approximately from Ipi to 2}4 times 
as many convex types in the healthy as in the sick groups Whether 
the types of other inherited characters will show similar age mci- 
•dences in relation to the problems of constitution (adaptability, 
morbidity and longevity) cannot be known unbl such types have 
been similarly investigated 

Since blood groups had not been investigated in relation to age 
and longevity, and since it seemed that mvestigations of their pos- 
sible age incidence might reveal the presence or absence of such rela- 
tion, investigations were begun in 1933 by Mr H C Pulley, As- 
sistant, Department of Bacteriology and Dr J B Mitchell, Jr , In- 
structor, Department of Pharmacology, St Louis University School 

IT Graves, W W , The Belationa ot Shoulder Blade Types to Problems of 
Mental and Physical Adaptability, Tho Henderson Trust Lecture, No IV, Edin 
burgh, 1925 

18 Graves, W tV , Eugenics Bev , 1831, 23, 215 

10 Graves, W W, A Note on Inherited ■Variatrons and Fitness Problems L The 
Types of Scapulae Trans Third IntomatT Congress of Eugenics, Baltimore, 

1934 * 

=0 Graves "W W , The Belation of Inherited Variabons of Structure and 
Function to Problems of Health, Disease, Education, Duration of Life, and Adapt 
ability in Generah L The Types of Scapulae (In publication.) 
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daily for 2 -weeks preiaous to and for 6 days following pancreatec- 
tomy There was no appreaable glycosuria ( 3 to 5 gm ) dunng 
the penod followmg operation However, when oestnn injections 
were suspended the urine sugar increased to 1 1 gm When oestrin 
mjections were resumed the urine sugar gradually decreased In 
one ammal the admimstration of 200 R U dailj resulted in the 
total disappearance of sugar Two animals received no oestrm 
pnor to operation and were allowed to develop a glycosuria before 
injections were imtiated The mjection of 100 R. U daily resulted 
in the complete disappearance of sugar Alternate periods of in- 
jections and withdrawal of injections resulted m corresponding 
fluctuations in the urme sugar During one of the periods of treat- 
ment the animals also received injections of the pituitar}"- extract 
As a result sugar reappeared in the urine and persisted tor se\ eral 
days At the present time, over 5 months after operation, 3 ot the 
4 operated ammals are alive and in good condition The weight 
lost during periods when no oestrin was given has been more than 
compensated for under oestrin treatment One monkey died 72 
days after pancreatectomy Her diabetes had been w'ell-controlled 
according to blood and urine sugar findings Autopsy showed the 
probable cause of death to be numerous metastatic abscesses in the 
liver and lungs from a pyogenic blood stream infection origin- 
atmg m an abdominal abscess present pnor to operation This 
abscess failed to respond to treatment and probably was chiefly 
responsible for the animal's death 

Blood sugar tests on normal fasting monkeys have showm a con- 
siderable range (55 to 125 mg per 100 cc ) Following pancrea- 
tectomy It has risen as high as 550 mg per 100 cc and has been 
regularly decreased by the administration of oestnn However, in 
the 2 totally pancreatectomized animals we have been unable to 
lower the blood sugar level to the normal level For example mon- 
key 17 had a normal level of 125 rag , a diabetic level of 550 mg , 
and a level after oestnn treatment of 185 mg 

It IS believed that the evidence presented here may be mterpreted 
as evidence that oestnn has suppresssd the diabetogemc activity of 
the anterior lobe These studies are being continued and extended 
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ES^t of upo„ P„cr«„o Di.b.to 

in the Monkey * 

WAEHBN 0 NELSON ^toN D OVEEHOLSEK (Introduced by 

A J Goldlorb) ^ 

Prom tho Bepartmer^i of Anatomy. University of Kmoun. 

STo'L^ 

ottrTnTdept 

creatized dogs had much the same effect as removal of the hypophy- 

Re^tition and e^ension of this work on a form more closely 
rela^d to man was teheved to be of some importance Accortngly 
we have employed the rhesus monkey m a senes of exper« f 
signed not only to repeat the studies on the dog but aLTo Pather 
data concerning the physiological mechamsms fnvolved anS S^e- 
termine the effect of contmued oestrm administration in depan^ 
creatized animals, upon certain other organs At this time we^are 

formly, the Shaffer-Somogyi^ method for supar ' a 

Four animals have been depancreatized In 2 cases a small frag- 
ment of pancreas was not removed In the remainmg 2 ammaJs 
pancreatectomy is believed to have been complete 

Two animals were treated with 100 R U oestrm fTheehn+I 

« This inreatigation was aided by a grant from tW ~r~: 

Eesearch o£ the Amencaa Medical Association to Dr M. D OverT la” 

I Houssay, B A , and Biasotti, A., Endocrinology, 1931 15 ’"gjj” 

101,^”’ ® ^ Assn. 1933, 

» Shaffer, P A., and Somogyi, M., J Biol Ghent , I933, 100 695 
t The pituitary extract was suppUed through the kindness of Br O! xr 
and Dr D A. McGinty of Parke, Daris and Company The Theelin 
experiment was an oil solution, also supplied by Dr Kamm. ^ ^ 
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of epinephrine, 0 2 cc to 1 cc , hypodermically admimstered pro- 
duced violent attacks with cyanosis, blanching, and pam Attacks 
were relieved in 5 minutes by intravenous glucose Fifteen units of 
insulin produced a severe attack in 50 minutes The blood sugar 
dropped from 70 to 33 mg % Intravenous glucose qmckly reheved 
attack No effect occurred in vessels of feet or of other parts not 
obviously abnormal during either of the tests 

Case II Male with well developed Raynaud’s disease of upper 
extremities, gangrene of tips of 3 fingers on each hand Response 
to epmephnne and insulin similar to that m Case I Cyanosis after 
insuhn extended almost to shoulders The blood sugar dropped 
from 54 mg % to 27 mg % 

Case III Male with definitely established attacks of hypogly- 
cemia m which blood sugar dropped to 14 mg % During each 
attack patient’s fingers blanched and caused him to experience bum- 
mg pam Removal of yi of the pancreas with relief from attacks 
of hypoglycemia also resulted m relief from attacks of white fingers 

These 3 cases demonstrated a local hypersensitiveness of the 
blood vessels to arculatmg epinephrine There was normal or m- 
creased sweating and no loss of pilomotor function m the diseased 
extremities No operation on sympathetic nerves had been earned 
out in any of these patients Previously such hypersensitiveness to 
epmephnne on the part of smooth musculature has been noted fol- 
lowmg denervation Investigation as to the nature of changes in 
tissues responding paradoxically to epmephnne is, therefore, being 
contmued, particularly from the point of view of nervous function 

That the nerve supply to blood vessels was functional m these 
cases was demonstrated as follows Anesthesia of the nerves of the 
arm in Case I resulted m defimte dilatation of the vessels and coohng 
curves taken m a water-jacketed plethysmograph indicated greater 
constriction (faster coolmg) in the hand normally than after anes- 
thetization Case II developed pain m all the fingers of one hand 
in a plethysmograph when the air was 21°C , although a thermom- 
eter betiveen 2 fingers gangrenous at their tips read 34° C This 
occurred within 5 minutes after coolmg started, the air in the room 
being 32°C , and the initial temperature between the fingers 33 5°C 
Reflex constrictions resulting in pam, therefore, occurred before 
significant coolmg Dipping the elbow of either arm m water at 
6°C resulted in pam in the fingers within 2 minutes homolaterally, 
but not contralaterally (local reflexes) with no measurable change in 
temperature of the palm or fingers This pain persisted for 10 
minutes with the arm m the air at 32° C , with cyanosis The 



152 


7594 C 

On the Mechanism of Spastic Vascular Disease 

PETEE BErNBEOEOEE Ain> G H BISHOP 

From the Department of Surgery and the Laboratory of Neurophysiology, Oscar 

Johnson Institute, IFashington XJnwersnty School of Medictne, St Louts 

Two opposing views CMSt as to the mechanism of spastic disease 
of blood vessels Some regard it as an expression of dysfunction 
of the vaso-motor nerve supply to the vessels Chief support for 
this conception is found m the s) mmetrical nature of the lesion and 
the paroxysms which characterize it Others, especially Lewis and 
his coworkers, regard it as a local fault not pnmanly associated 
with abnormal innervation This local defect as studied in Ray- 
naud’s disease of extremities expresses itself in an abnormal re- 
sponse to cold, m the spatial order of development and disappearance 
of the vascular constriction, and m the lailure of local anesthetiza- 
tion of the nerve supply to prevent or release completely an attack 
Our own observations on these aspects of the disease lead us to sup- 
port the contention of Lewis and others 

Evidence is herein presented that the fault is a local one, and 
represents not a hyperfunction of a sympathetic innervation, but a 
change in the blood vessels, namely that they respond to epinephrine 
m a manner similar to tissues deprived of their sympathetic nerve 
supply (paradoxical response) while the nen^e supply can be demon- 
strated to be functional 

The evidence is derived from the study of 3 patients with lascular 
abnormalities of the upper extremities, 2 cases of Raynaud’s disease 
and one case of acro-asphyxia The first 2 were subjected to the 
following tests (1) 1 cc or less (graded doses) of epinephrine 
hydrochloride (1-1000) was given hypodermically and the eflfect 
on the diseased and control extremities noted An attack was invar- 
iably induced in the diseased extremities Then the effect of intra- 
venous glucose or of a meal rich in carbohydrate was noted (2) 
Ten to 15 units of insulin were administered to produce a physio- 
logical secretion of epinephrine The effect on the diseased and 
control extremities was noted and again the effect of carbohydrate 
on the attack determined 

Case I Male, age 37 with well advanced Raynaud’s disease of 
fing-ers of both hands, the tip of one finger was gangrenous Doses 

^TSsted by a graat in Ai-i of Bessarch m Neurophysiology Irom the Bock 

efeller Foundation 
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Ovanan Irradiation and Sexual Precocity in the Rat 

JAMES MANDEL and E N GEISEWOOD (Introduced by H O Hatenua ) 

From the Departments of Biology and Fhysios, New Norl, University 

Incidental to some work with X-rays the writers have had oc- 
casion to carry out a senes of experiments to determme the effects 
of X-ray treatment upon the time of sexual matunty in the rat as 
evidenced by the critena of vaginal canalization and appearance of 
an oestrous smear 

Immature females, 7 to 10 days of age, were subjected to vary- 
ing dosages of X-rays One week later the same dosage in each 
case was repeated The treatments were given under the following 
conditions 200 k v p (meter reading) , 3 miUiamps, 25 cm target- 
to-specimen distance, 1 mm Cu filter This resulted in a dosage 
of 41 4 roentgen umts per minute as determmed by a standard, ioni- 
zation chamber The effective wave length, as found by the method 
of relative penetration of A1 and Cu, was 13 A U Dosages 
ranged from 540 to 1,240 V units, amounts above the latter figure 
proved fatal, death occurring within from a few days to as long as 
several weeks after the first irradiation 

Striking results were obtamed m all the irradiated animals m 
that, regardless of dosage within the hmits indicated, the vagmae 
opened at approximately 14 days after the first irradiation, at an 
average litter age of 22 days Vaginal smears m each instance re- 
vealed a characteristic oestrous picture a day or two later, and the 
uterus, m each mstance in which examination was made, appeared 
markedly distended Twenty-three amraals, representing 11 litters, 
showed this response Controls, at least 1 litter mate for each ex- 
penmental ammal, in each case displayed vaginal opemng followed 
by oestrus at 43-60 days — at least 3 Aveeks later than the irradiated 
animals 

The X-rayed ovaries of cUiimals sacrificed at time of vaginal 
opening, 22 days of age approximately, revealed the presence of 
huge follicles, AVith enormous antra Few follicles of small size 
Avere to be found The ovaries of litter mate controls presented a 
marked contrast m appearance in that only small and medium-sized 
folhcles were m evidence It appears that the X-ray treatment had 
stimulated the groAvth of follicles tremendously , and that these fol- 
licles have been functionally hyperactive as Avell is evidenced by the 
fact that vaginal canalization Avas markedly precocious 
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patient was put m a cold room at 6°C with both arms bundled to 
the shoulder in 3 inches of cotton batting Pams occurred while 
the temperature between the fingers was still rising (initial T 33 5“ 
C , pain at 34°C , intense pain at 33 8°C ) and on coming out of 
the cold room the pain stopped in 4 minutes with no detectable 
change of temperature in the fingers of the wrapped hand (33 8°C ) 
The pain was obviously due to reflex spastic constrictions or circu- 
lating epinephrine and not to changes m temperature of the fingers 
The alternative to the defect being a local one in the arteries would 
seem to be to suppose a hyperfunction of the nervous supply to 
these parts This would not explain a paradoxical reaction to 
epinephrine 

These conditions could be explained by infernng a local (para- 
doxical) reaction to epinephrine or similarly acting body sub- 
stances, but without the loss of nervous function which is the one 
known cause of such a condition But the local reaction (spasm, 
pain) IS not due only to circulating epinephrine, it can be called 
forth reflexly and also by local cooling of the anesthetized parts 
That IS, the affected parts go into spasm due to all the stimuli that 
would normally cause mild constriction, and pain and gangrene 
result secondarily from arterial spasm rather than from cold 

These findings may be applied to a better understanding of spastic 
vascular disease, such as Raynaud's disease of the extremities or 
certain cases of angina pectoris, etc , where external and internal 
alterations in environment are known to result in an increase m 
circulating constricting agents and also to produce ‘attacks’ They 
cast doubt on the soundness of conception of surgical procedures m 
which the sympathetic nerve supply to blood vessels is interrupted 
Procedures mvolvmg the removal of post-ganglionic neurones would 
tend especially to exaggerate to maximum degree an already exist- 
ing fault Procedures resulting m the interruption of pre-ganglionic 
neurones would exaggerate the fault to a lesser degree because the 
fully developed paradoxical response to epinephrine occurs only after 
removal of post-ganglionic neurones Such procedures, while re- 
sulting m hyperaemia and in the relief of pain, may do so only tem- 
porarily until the aggravation of the condition due to denervation 
leaves the remedy more embarrassing than the original disease 

Uncomplicated arteriosclerosis to the extent of producing gan- 
grene of the extremities does not involve anything resembling the 
paradoxical epmephnne reaction 
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Ovanan Irradiation and Sexual Precocity m the Rat. 

JAitES ilA^NDEL ani» E. 2^ GEISEWOOD (Intxodnced bjr H, O Hatenns ) 
From tTio BcpartTMnis of Biology and Phystcs, New Yorh University 

Inadental to some work with X-rays the wnters have had oc- 
casion to carry out a senes of experiments to determme the effects 
of X-ray treatment upon the time of sexual matunty m the rat as 
evidenced by the critena of vaginal canalization and appearance of 
an oestrous smear 

Immature females, 7 to 10 days of age, were subjected to vary- 
ing dosages of X-rays One week later the same dosage m each 
case was repeated The treatments were given under the following 
conditions 200 k v p (meter readmg) , 3 milhamps, 25 cm target- 
to-specimen distance, 1 mm Cu filter This resulted m a dosage 
of 41 4 roentgen umts per rmnute as determmed by a standard lom- 
zation chamber The effective wave length, as found by the method, 
of relative penetration of A1 and Cu, was 13 A U Dosages 
ranged from 540 to 1,240 ‘r’ units, amounts above the latter figure 
proved fatal, death occurrmg within from a few days to as long as 
several weeks after the first irradiation 

Stnkmg results were obtamed m all the irradiated animals m 
that, regardless of dosage within the hmits mdicated, the vaginae 
opened at approximately 14 days after the first irradiation, at an 
average litter age of 22 days Vaginal smears m each instance re- 
vealed a characteristic oestrous picture a day or two later, and the 
uterus, m each instance m which examination was made, appeared 
markedly distended. Twenty-three animals, representing 11 fitters, 
showed this response Controls, at least 1 fitter mate for each ex- 
penmental ammal, in each case displayed vaginal opemng followed 
by oestrus at 43-60 days — at least 3 weeks later than the irradiated 
animals 

The X-rayed ovaries of animals sacrificed at time of vaginal 
opemng, 22 days of age approximately, revealed the presence of 
huge follicles, with enormous antra Few follicles of small size 
were to be found The ovaries of litter mate controls presented a 
marked contrast in appearance in that only small and medium-sized 
folhcles were m evidence It appears that the X-ray treatment had 
stimulated the growth of folhcles tremendously , and that these fol- 
licles have been functionally hyperactive as well is evidenced by the 
fact that vaginal canalization was markedly precocious 
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Studies on the Neutral Sulfur of Unne Criticism of the lodimetnc 
Titration of Diethylsulfide * 

GRACE IMEDES, KIVELY BVAN6ELIDES and KAilENOStTKE 
SHIKOHARA t 

Abel^ found diethylsulfide in dogs' unne which had been treated 
with calcuun hydroxide Chnstomano^ determined the amount of 
the sulfide in unne by lodimetry, basing his method upon the forma- 
tion of the addition product of diethylsulfide and iodine, (C3Hs):Sl3, 
previously reported by Cahours ® 


TABIiE L 

Iodine taken up by EtoS from In aolationa, with variation m the different com 

ponenta of tho ayatem. 
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‘Hydrogen ion concentration was calcolnted by oasuming the hvdrogen iodide 
to he totally lonued 0 OiN iodine Bolutiona In 0 08Jf EA and 0 OSJf HI were 
combined m various ratios so that the total concentration of electrolyte might 
remain constant. 

•Aided by a grant from the Leffman Fvmd of the Wagner Free Institute of 
Science, Philadelphia 

t Robert McHeill Eellow of the itcNeiR Laboratories 
1 Abel, J J , / physiol Chem , 1896, 20, 253 
3 CHinstomanos, A. A., Z physiol Chem , 1933, 217, 177 
3 Cahonrs, Ann d chtm et d phys 1865, 135, 355 
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The authors have been unable to confirm this stoichiometnc re- 
lationship under the conditions described by Chnstomanos and in- 
vestigated the factors influencing the distnbution of iodine in the 
system, diethylsulfide — aqueous solutions of potassium iodide 
The experiments were carried out as follows The diethylsulfide 
was weighed by difference from a weighing burette into 500 cc 
volumetric flasks embedded in an ice-water mixture (t = 2° to 5° ) 
cind containing iodine, potassium iodide and hydrogen iodide The 
mixtures were shaken until equilibrium was reached with respect to 
the iodine distribution A portion of the mixture was centnfuged 
at 2° to 5°, and 25 cc of the clear aqueous solution were subjected 
to lodimetric titration The results are shown m Table I 

Restdts The amount of iodine taken up by diethylsulfide varies 
with the amount of the sulfide and also with the concentration of 
iodine, iodide ion and hydrogen ion, the effect of the last factor 
being the slightest This suggests that the removal of iodine from 
Its solution by diethylsulfide is due to the solubility of lodme in the 
sulfide In fact, iodine was found to be miscible with diethylsulfide 
roughly in all proportions 

In the light of the present expenmental results the method for 
the determination of diethylsulfide m biological solutions should, 
therefore, be based upon other pnnciples 

Summary The amount of iodine taken up at a constant tem- 
perature by diethylsulfide is the function of the concentrations of 
lodme, iodide ion and hydrogen ion in addition to the amount of 
diethylsulfide added, and there is no such chermcal relation under 
the experimental conditions as expressed by the equation 

(CjHbJjS + I2 = (C2Ha)28Ia 

The analytical method based upon this erroneous principle is 
unreliable 
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Effects of Avian Pituitary Glands in Salamanders 

KATSBXN I" STELN (Introduced by A B Adams ) 

From the Zoology Department, Mount Solyohe College 

Induction of ovulation has been secured in various forms by ad- 
ministration of implants or extracts of the pituitary glands of 



158 


Avian Pituitary Glands in Salamanders 


sjiccies and of classes other than that of the host animal Re- 
sponse of the host was negative, however, in the following cases 
pigeon implants in mice,’- implants of hypophyses of cow, dog, 
guinea-pig, rat, frog, fish, chicken, and snake under the skin of 
toads,® frog implants and mammalian implants and extracts in 
toads,’ frog hypophyses in mice,® and in toads,® rat implants in 
toads Further experiments indicated that the probable explana- 
tion of these negative results, at least m some cases, was failure to 
administer the glands m adequate dosages Thus by mcreasing the 
daily dosage Lipschutz, Kallas and Wilckens” were able to induce 
ovulation in mice with pigeon pituitanes, and Wills, Riley and 
Stubbs’® secured positive results in toads with frog and fish 
glands The latter authors therefore concluded that, contrary to the 
conception of Houssay et al there was no specificity of the ma- 
turity hormone of the antenor lobe of the pituitary among anurans 
Their subsequent failure to obtain ovulation in toads by rat implants 
caused them to admit a possible specificity between these classes, 
with the alternative that the hormone might be destroyed due to the 
incompatibility of the tissues and subsequent reactions ’® The fol- 
lowing expenments, in which avian antenor lobes were admin- 
istered to urodele hosts, do not support the idea of specificity of 
hormones and are reported as an additional case of induction of 
ovulation by heteroplastic implants and injections of pituitary They 
are also concerned with the difference m potency between glands 
of young and adult donors, and with the effect of implants and 
injections on the thyroid of the host animal 

Implants of Adult Fowl Pituitanes Glands were obtained from 
fowl (chiefly Rhode Island Red roosters) killed for market The 

1 Smith, P E, and Engle, E T, Jm J Anal , 1927, 40, 159 
s Zondei, B , imd AscUheim, S , Arch f GynahoX , 1927, 130, 1 
s Houssay, B A , Giusti, L., et LaBcano-Gonzalez, J M-, Compt Send Soo 
Siol , 1929, 103, 864 

■» Adams, A E , Proa See Int Cang for Sex Ses , 1930, 190 
oKeM, B, Compt Send Soc Siol , 1930, 103, 744 
0 Adams, A E , Anal Sec , 1931, 40, 37 
7 Adams, A. E , Proc Soc Exp Biol, and Med , 1931, 28, 677 
3 LipschStE, A., and Paez, B., Compt Send Soc Biol , 1928, 00, 693 

0 Bardeen, H W , Psoc Soc Exp Biod. and Med , 1932, 20, 846 

10 -WiUs I A , Eiley, Q M , and Stubbs, E M , Proc Soc Exp Biol and 
Med 1933, 80, 784. 

n’lnpschutz. A., Kallas, H., and Wilckens, E , Comp Bend Soc Biol , 1929, 
l.fv0 

1 Villa I ^ ^ Stubbs, E H , Paoc Soc Exp Biol and 

iJxD J 1933, so, 411- 
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heads were kept on ice until needed when the pituitanes were re- 
moved and implanted in the back muscle of Tnturits mndescens fe- 
males Implants were made from the same series of heads over a 
period of one week Three ammals were used as hosts and each re- 
ceived a defimte third of the anterior lobe of each pituitary (Table 
I) Smce 2 implants were made twice a day, each host received 
the equivalent m amount of approximately glands daily 


TABLE L 

Adult Fowl Anterior Lobes m Tntuma Pemnlea. 


Aimnal 

Daily Dosage 

Total Implants 

Duration 

No of Eggs 

CCl 

2(2 X^) glands 

Ant ^3 O 8% glands 

6% days 

None 

CCS 

Mid. ^C:8% ” 

5 ” 

10 laid 

C03 

> ) 

Post ^08% >> 

8% ” 

7 in oviducts 


No eggs were ovulated by control ammals kept under the same 
conditions while one of the 3 expenmental ammals laid eggs and 
a second had eggs in the oviduct when killed on the eighth day 
The failure of CCl to ovulate is not necessarily due to the region 
of the gland implanted but is more likely an individual difference 
in sensitivity to the hormone 

Injections of Powdered Fowl Pitmtaries The anterior lobes of 
35 pituitary glands from heads of Rhode Island Red roosters were 
treated with several changes of acetone, ground m a mortar, and the 
dry powder taken up in 0 6% salt solution Injections of to 1 cc 
were made daily mto each of 2 female Triturus from October 18th 
to 23rd mclusive One of the host animals laid eggs after 2, the 
other after 5 injections No estimate can be made of the glandular 
eqmvalent of the injected material as the larger particles would not 
pass through the injecting needle and were allowed to settle out 
At least 31 eggs were ovulated by one female and at least 32 by 
the other before the termination of the expenment on the sixth day 
As ovulation did not occur in control ammals during this period, it 
may be concluded that the anterior lobe of the fowl pitmtary pos- 
sesses gonad-stimulatmg hormone, the potency of which is not 
destroyed by acetone 

An attempt was made to extract fowl anterior lobes in pyndine 
following drying in acetone, but the potency of the material was 
apparently destroyed at some point m the procedure as no eggs were 
ovulated by either of 2 females given 11 injections from October 
25th to November 5th inclusive 

Implants of Cluck Pituitanes Rhode Island Red chicks, varying 
in age from one to 10 days, were decapitated and the anterior lobes 
of the pituitanes removed and implanted into the back muscle of 11 
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species and of classes other than that of the host animal Re- 
sponse of the host was negative, however, m the following cases 
pigeon implants in mice,^ implants of hypophyses of cow, dog, 
guinea-pig, rat, frog, fish, chicken, and snake under the skin of 
toads,® frog implants and mammalian implants and extracts m 
toads,^ frog hypophyses in mice,® and in toads,® rat implants m 
toads Further experiments indicated that the probable explana- 
tion of these negative results, at least in some cases, was failure to 
administer the glands in adequate dosages Thus by mcreasmg the 
daily dosage Lipschutz, Kallas and Wilckens“ were able to induce 
ovulation in mice with pigeon pituitaries, and Wills, Riley and 
Stubbs'®' “ secured positive results in toads with frog and fish 
glands The latter authors therefore concluded that, contrary to the 
conception of Houssay et al ,® there was no specificity of the ma- 
turity hormone of the anterior lobe of the pituitary among anurans 
Their subsequent failure to obtain ovulation in toads by rat implants 
caused them to admit a possible specificity between these classes, 
with the alternative that the hormone might be destroyed due to the 
incompatibility of the tissues and subsequent reactions The fol- 
lowing expenments, in which avian anterior lobes were admin- 
istered to urodele hosts, do not support the idea of specificity of 
hormones and are reported as an additional case of induction of 
ovulation by heteroplastic implants and injections of pituitary They 
are also concerned with the difference in potency between glands 
of young and adult donors, and with the effect of implants and 
injections on the thyroid of the host animal 

Jviplaiits of Adult Fowl Pitnitanes Glands were obtained from 
fowl (chiefly Rhode Island Red roosters) killed for market The 

1 Smith, P B , and Engle, E T , am J Anat , 1927, 40, 159 

2 Zondek, B , imd Aechheun, S , Arah f Gynalol , 1927, 130, 1 

3 Houssay, B A , Giusti, L., et Lascano-Gonxalez, J M , Compt Bend Soa 
Biol , 1929, 103, 864. 

* Adams, A E , Broo Sec Int Cong for Sex Bea , 1930, 190 

0 KeU, B, Compi Bend Soc Biol, 1930, 103, 744 

a Adams, A E , Anat Bee , 1931, 40, 37 

7 Adams, A. E , Proc Soc Exp Biol and Med 1931, 28, 077 

8 lipschutz. A., and Paez, B., Conipt Bend Soc Biol , 1928, 00, 693 

0 Bardeen, H W , Pboc Soc Exp Biol, and Med , 1932, 20, 846 

10 Wills I A., Biley, G M , and Stubbs, E M , Prop Soc Exp Biol and 
xipn 1933, 30, 784. 

11 lapschatz, A., Kallas, H., and Wilckens, E , Comp Bend Soc Biol , 1929, 
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and stained m iron hematoxylin and Mallory B, and compared as to 
degree of stimulation The thyroids of animals with Tnturus and 
with adult fowl implants presented a picture similar to that obtained 
in Tnturus by Adams^^ following mjection of phyone and hebm for 
short periods The height of the epithehum was increased over that 
found in normal glands, there were chromophobe vacuoles border- 
mg the colloid mdicabve, according to Sevennghaus,^^ of colloid 
absorption, and droplets of colloid within the cells Implants of 
chick pituitaries likewise caused stimulation of the thyroids, slightly 
greater after JYz glands than that found in normal or muscle-inject- 
ed controls, markedly greater after 118 glands and after injection 
of powdered fowl glands m 0 6% salt solution. After both of the 
latter types of treatment, the thyroid picture resembled that obtain- 
ed by Adams^^ after long-contmued injection of phvone and hebin 
with hypertrophy and hyperplasia of the gland, high folhcular epi- 
thehum, scanty colloid m the follicles, and increased vasculanty 
Practically all the glands possessed the type of active follicle de- 
scnbed by Sevennghaus^"* in the duck and charactenzed by high ac- 
tive epithehum on one side, and lower, inactive appearing cells on 
the other 

The fact that an hypophysectomized animal injected with chick 
anterior lobe molted after having received 14 glands also suggested 
that Its thyroid was affected, since Adams et al have demonstrated 
that thyroidectomized ammals will molt after thyroid but not after 
pituitary implants Histological examination of the thyroid of this 
animal gave evidence of stimulation m that some of the epithelial 
cells were cuboidal rather than flat and apical vacuoles were present 
in the cells of some follicles, indicating colloid absorption Such evi- 
dence was lackmg in the thyroids of hypophysectomized controls 

Smmmry Anterior lobes of pituitanes of adult fowl (as fresh 
implants or powdered and injected in salt solution), or of young 
chick pituitaries (if a sufficient number of glands is implanted 
daily), Avill cause ovulation out of season in Tnturus znridescens fe- 
males The thyroids of these females are stimulated beyond the 
normal condition These results indicate that no specificity of hor- 
mone or hormones in ovulation-mducing and thyroid-stimulating 
capacities exists between birds and amphibians 

13 Adams, A E , Anat Mec , 1934, 69, 349 

11 Sevcrmghaiis, A E , / AeU a nut Anat, 1933, 19, 653 

10 Adams, A E , Kuder, A , and Richards, L , J Exp Zool , 1932, 03, 1 
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TABLE II 


Cluck Antenor Lobes in Tritnrus Females 


Ammal 

Daily Dosage 

Total Implants 

Duration 

No ot eggs 

CHI 

^ gland 

> i 

7-rx glands 

22 days 

None 

CH2 

7 a 

} t 

22 

y > 

yy 

CH3 

> f 

12k 

i 1 

32 

f i 

2 in ond 

CH4 

1 1 

Ilk 

t 1 

32 

} } 

None 

CH5 

1 1 

11 

1 1 

32 

) y 

yy 

CHO 

1 1 

Ilk 

i t 

32 

f f 

y y 

CH7 

2 X M. glands 

44 

f t 

23 

y y 

y y 

CHS 

t } 

4-i 

> t 

23 

y y 

y y 

CHO 

2 X Mt (22 da) 3) 

2 X 1 (3d), 2 (3d) 
2 X 2 (Id) 

50 

J > 

53 

y I 

0 laid 

7 in ond. 

CHIO 

2 X Vj (22d) 

2 X 1 (3d), 2 (3d) 
2X2 (8d) 

2 X 3 (8d) 

118 

1 i 

70 

y y 

1 laid 

3 m ond 

Hypo ’sec 
tomized 

2 X Vi (2d) 

2 X 1 (dd), 2 (2d) 

14 

y y 

14 

y y 

14 in ovid 


Triiiinis vindescens females (Table II) In 4 cases ovulation oc- 
curred, while none of a control senes ovulated The fact that 3 
of the 4 pituitary-treated newts that ovulated received at least 2 
glands per day at some time during the evpenment, while only one 
(CH3) out of 8 receiving daily from one-half to one gland 
ovulated, seems to indicate that the latter may have been too small a 
daily dosage to cause ovulation except in very sensitive host ani- 
mals This IS in line with the results, mentioned earlier in this 
paper, obtained after implants of pigeon pituitanes in mice and of 
frog pituitanes m toads, where a relatively small daily dosage gave 
negative, a larger, positive results The need for the larger amount 
of chick pituitary might result from destruction of hormone by tlie 
host, failure of the tissue to release tlie hormone, or, and this seems 
more likely m the light of the results from adult glands, to the slight 
gonad-stimulating potency in the glands of young donors 
As a check, a series of 11 hosts were given implants of Tnturus 
pituitanes and in every case ovulation occurred after 3 to 15 im- 
plants (average 7 5) Thus both the total amount and the amount 
per dose of Tnturus gland tissue required for ovulation m Tnturus 
were less than tlie amounts of fresh chick or fresh fowl tissue re- 
quired The average of the total number of glands of Tnturus and 
of adult fowl was almost exactly the same, (7 5 Tnturus, 7 6 fowl), 
but this may be merely a coincidence Certainly the number ot ani- 
mals concerned is too small to draw any conclusion on this point 
Effect of Avian Pituitanes on Thyroid of Tnturus The thyroids 
of control animals and of hosts receiving Tnturus, chick, powdered 
fowl and fresh fowl antenor lobes were fixed in picro-aceto-formol 
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finding renders it difficult at present to accept the opinion of some 
wnters® that the in mtro lytic element observed by Tillett and Gar- 
ner IS an essential factor m accounting for the delayed fixation of 
a dye demonstrated by the author in the streptococcal type of in- 
flammation in rabbits It is possible that the fibrinolytic effect of hem- 
olytic streptococci on the human plasma clot plays a definite role 
m human infections , but this is rather in the nature of a reinforcmg 
or accessor}' factor added presumably to a more fundamental prop- 
erty of the hemolytic streptococcus which holds true for both the 
human and rodent types of mfection 

In an attempt to analyze the problem further, experiments were 
performed with Berkefeld filtrates of the various t}'pes of pyogemc 
orgamsms previously studied The details of this mvestigation will 
form the subject of a future communication, but the essential find- 
ings are summarized as follows 

1 The sterile filtrate of a several day old culture of Staphylococ- 
cus aiireics induces an mtense inflammatory reaction m the dermis of 
rabbits indistmgmshable from the reaction obtained when the viable 
organisms are moculated Trypan blue is fixed as early as one 
hour after injection of the filtrate Microscopic sections through 
the inflamed areas reveal many lymphatics occluded by a fibrmous 
reticulum The tissue spaces are in many regions distended by 
coagulated plasma 

2 The staphylococcal filtrate is inacti\ated when heated for 
about one hour and a half at 58° C , for its cutaneous injection 
causes no fixation of the dye Histologically, the Ij'mphatic vessels 
are found to be entirely patent 

3 Staphylococcus aureus filtrate in contact with leucocj'tes ob- 
tained from an exudate causes these cells to become swollen, vacuo- 
lated, and, in many instances, degenerated. There is also some evi- 
dence that the total leucocyte count is lowered when this bacterial 
filtrate is maintained for some time in contact with an exudate No 
such effect on leucocytes is produced with the heated and therefore 
inactivated staphylococcal filtrate These observations strongly 
suggest that the active principle m the filtrate of Staphylococcus 
aureus which causes early blockage is somewhat similar, if perhaps 
not identical, to leucocidin 

4 On the other hand, the filtrates of both Streptococais hemo- 
lyticus and Type I pneumococcus fail to mduce retention of trypan 
blue at the site of cutaneous inoculation. There is no evidence ot 
fixation even as late as 50 hours after skin injection of the strepto- 
coccal filtrate 

5 The strain of Streptococcus hemolyticus (S-23) used m all 
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Further Studies on Mechanism of Invasiveness by Pyogenic 

Bacteria 

VXLY MEXKIX 

From the Department of Pathology, Harvard iledical School, Boston, Hass 

The writer has recently demonstrated that the dissemination of a 
foreign substance from its site of inoculation is at least in part a 
function of its irritating capacity^ ■ Staphylococcus aureus induces 
a lesion sufficiently intense to occlude draining lymphatics and to 
cause the formation of a fibrinous network as early as one hour 
after cutaneous inoculation of the organism The degree of “wali- 
ing-off” was determined by studying the dissemination of trypan 
blue from the site of injury to the regional lymphatics In the case 
of Type I pneumococcus the area is circumscribed at a somewhat 
later stage (about 6 hours subsequent to the inoculation of the or- 
gamsm) When Streptococcus hemolyticus is inoculated into the 
skin the lymphatics maintain their functional patency for about 2 
days, and throughout that time these vessels are virtually unoc- 
cluded by thrombi This histological observation adequately ac- 
counts for the delayed fixation and consequently the relative ease 
with which the dye penetrates to the regional lymphatics in a hemo- 
lytic streptococcal inflammation 

These results, while offering an explanation for the well-known 
localizing tendencies of the staphylococcus as against the dissemi- 
nating properties of streptococcus present an interesting paradox 
Staphylococci tend to remain localized and produce relatively slight 
systemic effects because of their pronounced local injurious action 
which serve to fix them w situ Hemolytic streptococci, on the con- 
trary, produce far greater systemic sequelae owing to the mvasive- 
ness resulting from their relatively mild local effects 

The experiments of the writer have recently been confirmed by 
Dennis and Berberian.^ Subsequent to the writer’s observations, 
Tillett and Gamer* have demonstrated that broth cultures of hemo- 
lytic streptococci are capable of liquefying the normal human fibrin 
clot In contrast to this they pointed out that the normal rabbit 
fibrin clot is totally resistant to dissolution b> such means Th*s 

' i~^g^^/v'^^~'Fxp~Med^r^S33^^67^~9T7 

a Menim, V , Hrch Path , 1931, 13, 802 

3 Dennis, E "W , and Berbenan, D A,, Paoc Soc Exp Biol, aitd Med , 1931, 
oi q75 

*3 Tillett, "W S , and Gamer, E. Ij., J Exp Med , 1933, 58, 48S 
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bng in 10 seconds Prothrombin must be the constituent that is 
removed or inactivated by aluminum hydroxide Significantly, this 
reagent does not remove or inactivate thrombin 

Hirudin is a type of true antithrombin Heparin likewise ap- 
pears to be an antithrombin as the following experiment demon- 
strates 


Pibrmogen 0 5 % solution (cc ) 
Fresh serum (cc.) 

Hepann (mg ) 

Clotting time (sec ) 


01 

0 1 

01 

01 

OH 

0 1 

01 

0 1 

0 1 

0 1 

00 

0 003 

0 006 

0 009 

0 012 

15 

60 

300 

No clot 


Heparin is not neutralized by thromboplastin Even when excess 
thromboplastin is present, the clotting time is prolonged as the con- 
centration of heparin is increased Plasma containing 0 2 mg of 
heparin per cc will not clot, irrespective of the excess of thrombo- 
plastin 

Other substances, notably certain dyes, are antithrombic. Calco- 
mine Fast Pink 2 B L Unbl * is a strong anticlotting agent 


Pibrmogen 0 5 % solubon (cc ) 
Fresh serum (cc ) 

Calcomine fast pmk (mg ) 
Clotbng bme (sec ) 


01 

01 

01 

OH 

01 

01 

01 

01 

00 

0 01 

0 03 

010 

10 

15 

30 

300 


There is no evidence that the presence of thrombin in the blood 
stimulates the production of antithrombin. On mjecting 70 cc of 
freshly defibrmated blood containing a high concentration of throm- 
bin into dog (Body weight 13 kg ) no mtra vascular clotting oc- 
curred, but free thrombin was still present in the blood 40 minutes 
after the injection On withdrawing 9 cc of blood and mixing it 
with 1 cc of M/10 sodium oxalate (an amount amply sufficient to 
prevent normal blood from clotting) a solid clot was formed m less 
than 24 hours by merely allowing the blood to stand This must be 
attnbuted to the free thrombin still present. 

* The dye, Calcomine Fast Pink 2 B Jj UnbL was kindly furnished by The 
Calco Chemical Companj 
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these studies fails to inhibit the coagulation of rabbit blood, this 
holds true for the filtrate as Avell 

In conclusion, the foregoing preliminary data indicate that the 
localizing property of Staphylococcus aureus is probably referable 
not merely to the severe irritating property of the organism per se, 
but also to its additional ability to release a powerful soluble exo- 
toxm-like product, identical in many respects with leucocidin, and 
capable in itself of inducing a sufficiently intense injury to cause 
obstruction of normal lymphatic drainage Pneumococcus Type I 
and Streptococcics hemolytiacs, on the other hand, fail to form any 
such detectable accessory substance able to cause damage to the 
lymphatic or capillary endothelium Briefly, then, evidences ob- 
tained thus far are in accord with the writer's original view, that 
the delayed fixation of dye and hence the invasive capacity of 
hemolytic streptococcus is referable to the mild local effects of this 
organism in contrast to the pronounced injurious action of Staph- 
ylococcus auretis These studies are being continued m an attempt 
to obtain more precise information concerning the chemistry and 
the role of leucoadin-like substances 
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Anticoagulants of the Blood 

y W BAKOBOFT, A. J QUICK akb M. STAKLET BEOWN 
Prim the Department of Surgery, Fifth Avenue Hospital, Hew Pori, City 

Any agent which inactivates or removes from blood, calcium, 
prothrombin, or thrombin is an anticoagulant Theoretically, anti- 
fibrinogen and antithromboplastin are also possible but have never 
been convincingly demonstrated The removal of calcium by oxa- 
lates, atrates, or fluorides is well known As a type of antipro- 
thrombm, aluminum hydroxide is an excellent example On mix- 
mg and incubating oxalated plasma (0 5 cc ) with aluminum hy- 
droxide cream (0 05 cc ) a plasma is obtained which after the re- 
moval of the aluminium hydroxide, will not clot on recalcification, 
whereas the untreated plasma clots in 2 minutes when calcium is 
added The loss of clottmg power is not due to removal of throm- 
boplastin, for on adding an active preparation made from rabbit’s 
bram the normal clotting time is not restored Furthermore, fibrin- 
ogen 'is not removed, for thrombin (fresh serum) will cause clot- 
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the immunity and cross-immunity was tested The results follow 
Imraumty 8 rats immumzed with venom were given venom in 
double the amount necessary to kill control animals No symptoms 
appeared and all animals survived 
Three rats were given 8 A L D each of venom which had stood 
overnight mixed with 1 cc of serum from immunized rats No 
symptoms appeared and all animals recovered Venom treated with 
normal serum was not altered in potency 

Four rats were given 8 A L D each of venom followed imme- 
diately by 0 5 cc of serum from immunized rats No symptoms 
appeared and all ammals recovered 

Four rats were given 8 A L D of venom followed one hour later 
by 1 cc of serum Symptoms had already appeared Recovery 
was prompt and all animals recovered completely 
Four rats immunized against eggs were given 4 A L D of egg 
extract No symptoms appeared All survived 

Two rats were given 4 A L D of eggs after standing overmght 
mixed with 1 cc serum from egg-immumzed rats All survived 
without symptoms Normal serum did not affect the potency of the 
egg poison, the rats dying within a few hours 
The above results represent the largest amounts of venom and egg 
poison used Probably the potency of the serum is higher than 
mdicated by these figures This work is being continued 

Cross-hnnuinization 3 rats given 2 A L D of venom which had 
stood overmght with serum from egg-immumzed rats died within 
6 hours 

Three rats given 2 A L D of eggs which had stood overmght 
mixed with serum-immunized rats died within 4 hours 

Immumty against eggs appeared more rapidly than against the 
venom In the latter group litde immunity could be demonstrated as 
the result of injections for the first month 
Summary Anti-sera of considerable potency against both the 
venom and the eggs of Latrodectus mactaus have been prepared 
Cross-immunization experiments indicate that the 2 poisons are not 
identical 
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Anti-Serum Against Black Widow Spider Venom 

FEAiTOES E BECEaiE and PEED E D ’AMOIJE. (Introduced by B G 

Gustavson ) 

trom the Stscarch Laboratories, Vnivcrstty of Denver, Goto 


The most important, if not the only poisonous spider found in 
the United States is the so-called Black Widow (Latrodectits tme- 
tans), which is widely distributed and by no means uncommon 
Some experimental work concerning the properties of the venom 
have appeared but to our knowledge no one has presented clear-cut 
evidence of having obtained anti-serum of high potency There 
has also been considerable doubt as to whether the venom is differ- 
ent from the arachnolysm present m all spiders and which reaches 
Its highest concentration in the eggs 

The authors have studied the black widow spider from the stand- 
point of its natural history and the chemical, physiological, pharma- 
cological and immunological properties of its venom Approximately 
one thousand spiders and several hundred rats have been used The 
results of this investigation will be published elsewhere, we wish to 
report here only on the questions raised m the preceding paragraph 

Much of the previous work published was done on the effects of 
the spider bite This is open to the criticism that the amount of 
venom introduced would vary with the size and anger of the 
spider and the amount and speed of absorption would vary with 
the depth to which the fangs had penetrated Our method was to 
dissect the pair of venom glands from each of a large number of 
spiders (20 to 100 were used in each batch), and macerate the 
glands m saline Injections were made mtrapentoneally A tox- 
laty curve was plotted, 10 rats being used for each dosage, and the 
average lethal dose determined The eggs were macerated m saline 
and the average lethal dose determmed We found that one-fourth 
the venom m one spider would kill 5 rats out of 10, while one-half 
of the venom would kill 9 out of 10 For the eggs, one egg would 
kill 4 out of 10, while 2 eggs would kill 10 of 10 rats For the 
venom therefore, one-fourth spider is considered the average lethal 
dose, and for the eggs, one and one-fourth eggs is considered tlie 
average lethal dose 

A group of rats was injected every other day for 2 months with 
sub-lethal amounts of venom and another group with sub-lethal 
amounts of eggs for the same period At the end of that tune 
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allowed to stand, with frequent stirring, m an incubator at 40'^ C for 
48 hours The liquid was then filtered oflt, the yield being about 
1850 cc This solution was then evaporated on a steam bath to 
about 250 cc , filtered, and the volume made up to 500 cc A portion 
of this solution was then adjusted to pH 7 1 and allowed to set for 
30 minutes in the ice box A slight precipitate was observed Fil- 
tration was made through a Seitz filter, while still cold, which re- 
moved the precipitate and rendered the solution sterile This ex- 
tract was then kept in the ice box until ready to be used 

In the data reported each growth determination was made in 
duplicate Inoculations were made with 18-hour cultures of Escher- 
tchia coh or Alcahgenes fecahs In every case 0 2 cc of a 0 1 % 
broth suspension was used In addition to the vanous amounts of 
solutions reported in the tables, 5 0 cc of infusion medium from the 
same batch were added to each tube, making the total volume in 
each case 12 2 cc Growth was determined by centrifuging 10 0 
cc of each culture in a Hopkins tube for 1 hour at a standard speed, 
and recording the growth in cubic centimeters All tubes, including 
the control tubes for the original pH, were incubated together at 
37°C for 8 hours The hydrogen ion concentrations were deter- 
mined with the hydrogen electrode The buffer employed was 
Mcllvame’s NajHPO< — Citric acid* of pH 7 0 The glucose 
solution was prepared so that 1 0 cc. gave a 1 % solution The saline 
used was a 09% sodium chloride solution 
From the results of the extract in various dilutions upon the 
growth of Escherichia coh in unbuffered media (Table I) it will be 


TABI,E L 

Effect of Extract on E coh in Unbuffered Medium. 


Extract 

cc. 

Salme 

cc 

Growth (cc.) 


Gaa 

pH 


Ist tube 

2nd tube 

Aver 

Original 

Final 

00 

70 


007 

007 

— 

718 

664 

01 

69 


013 

012 

+ 

7 19 

6 09 

05 

65 


017 

018 


717 

4.92 

1 0 

60 

023 

022 

022 

+ 

716 

4.82 


observed that there is a steady increase in growth with mcreasing 
amounts of the extract, but that the maximum stimulation has not 
been reached with the amounts of extract used On the other hand, 
with varying amounts of glucose, under like conditions, (Table II) 
there is a constant stimulation which does not increase with in- 
creasing amounts of glucose The decrease in pH m the latter case 

"Clark, TV M, "The determination of hrdrogen ions ” WiUiama and Wil 
tins, Baltimore, Md 1928 p 214. 




168 


7601 C 

Carbohydrate Nature of Pantothenic Acid (Williams) 

A J SAIiLE AND B, W DUNN 

Fmm the Department of Dactenology, UnttersUy of Caltfomto, BerXeUy, Calif 

Williams et al * found that extracts from diverse tissues, repre- 
senting different biological groups, contained material which had a 
very stnking stimulation on the growth of Gebrude Mayer yeast 
From a similarity of biological and chemical reactions it was con- 
cluded that this stimulation was due to a single substance, which 
the} called pantothenic acid, and which appeared "to have a molecu- 
lar weight of about 150, to be distinctly acid without amphoteric 
properties, to have several hydrox}! groups m its structure, but no 
olefin double bond, aldehyde, ketone, sulfhydryl, basic nitrogen, 
aromatic or sugar groups ” 

Following the discovery of this acid, experiments were conducted 
in this laboratory to determine the effect, if any, of this substance 
upon bacterial growth The organism which seemed most suitable 
for this W'ork was Eschenclna colt, since it was readily cultured and 
possessed considerable carbohydrate fermentative ability Rice bran 
was employed because it was readily obtained and conveniently ex- 
tracted 

Preliminary experiments with extracts of rice bran which were 
prepared by the method of Williams, refluxing the bran with a 60% 
methyl alcohol solution, etc , showed considerable stimulation of the 
organism wuth small amounts of the extract, but much less stimula- 
tion than observed by Williams with yeast The results in many 
cases were inconsistent due principally to the low' pH of the extract 
and to the variations of the inoculum 

To overcome these inconsistencies and to standardize the pro- 
cedure all the extracts were first adjusted to a pH between 6 9 and 
7 3 Inoculations were made with a constant amount of a broth 
suspension of the organisms, generally 0 2 cc No means were 
attempted to standardize the infusion media, no 2 batches of which 
were the same 

In later experiments a different procedure was used for the ex- 
tract’on of the rice bran This procedure, which was used for the 
experiment to be reported, was as follows 800 grams of rice bran 
were mixed with 3 liters of 25% aqueous ethyl alcohol solution and 

r Williams, ^ ^ • ®<>t»Jvear, G B , Tnieidml, J H , and Hoi 

adar, D , / -im 
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TABLE V 

Effect of Extract on E cali m Preeence of 0 5% Glucose 


Extract 

cc. 

Glucose 

cc 

Saline 

cc 

Growth (cc ) 


Gas 

pH 


1st tube 

2nd tube 

Aver 

Original 

Final 

00 

06 

66 

013 

013 

013 

+ 

718 

4.74 

01 

05 

64 


013 



7 19 

4.77 

05 

05 

60 

016 

018 

017 

+ 

717 

4 79 

10 

05 

55 


020 


+ 

716 

4.85 





TABLE VL 





Effect of Extract on E 

coU in Presence of L0% 

Glucose 





Growth (cc ) 



pH 


Extract 


Saline 














CC 

CC 

CC 

1st tube 

2nd tnbe 

Aver 

Gas 

Original 

Final 

mB 

10 

60 

012 

013 

K 9 

+ 

718 

4.69 

BH 

10 

5 9 

012 

013 

li 9 

+ 

7a9 

4 71 

■9 

10 

55 

016 

017 

H 1 » 

+ 

717 

4.76 


10 

50 

023 

023 

mt ! 9 

+ 

716 

4 85 


increasing amounts of the extract, but on the other hand, mcrcases 
The probable explanation of this is that the extract itself contains 
some buffering salts 

Gas was produced during growth m all cases except with the 0 1 
cc dilution of the extract m buffered medium (Table III) and the 
0 1 cc dilution of glucose under the same conditions (Table IV) In 
these cases it is probable that the carbomc acid formed was less than 
the amount required to neutralize the buffer, and with no excess, no 
gas bubbles were observed to rise and collect at the surface 

To show this more conclusively, another experiment was per- 
formed (Table VII) Five cc of infusion medium were added to 

TABLE VIL 


The Final pH with Vanous Amounts ot Extract and Buffer Gas was produced 
in all tubes except those marked * 


Extract 

CC 


Buffer 


2 0 cc 

4.0 cc 

6 0 cc 

8 0 cc 

01 

6 28 

6 40'' 

6 01* 

6 69* 

05 

545 

5 75 

6 02 

619 

10 

5 25 

5 52 

5 89 

6 08 

30 

5 29 

5 58 

5 78 

5 97 


each tube as listed in Table VII, and the total volume made up to 
15 0 cc with saline Inoculations were the same as in other exper- 
iments Incubation time was 6 hours These data show that with 
smaller amounts of the buffer, gas was observed in all cases where 
the final pH was less than 6 3, which coincides with the data shown 
in Tables III and IV 
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IS much greater than in the former, and is probably the limiting 
factor of the growth stimulation 

TABLE II 


Effect of Glucose on E coU in Unbuffered llcdium 


Glucose 

cc 

Salino 

cc 


Growth (cc ) 

Gas 

pH 


1st tube 2n(I tube Aver 

Original 

Final 


70 





7 18 

6 64 


69 


013 013 

-f- 

7 18 

5 71 

03 

67 

012 

013 012 


7 18 

478 

05 

65 

013 

013 013 

-j" 

718 

4 74 

1 0 

60 

012 

013 012 

4 " 

7 18 





TABLE lU 





Effect of Extract on E coli in Buffered Medium 


Extract 

Buffer 

Saline 

Growth (cc ) 


pH 






CC 

CC 

CC 

Ist tube 2nd tube Aver 

Gas 

Original 

Final 

00 


in 

010 008 009 



6 88 

6 83 




016 018 017 



6 87 

6 70 

05 


in 

016 048 047 


6 88 

0 17 

10 


WM 

058 058 058 

+ 

6S8 

5 69 




TABLE rv 





Effect of Glucose on E coit in Buffered Medium 


Glucose 

Buffer 

Sabne 

Growth (cc ) 


pH 






CC 

CC 

CC 

1st tube 2nd tube Aver 

Gas 

Original 

Pinal 

00 

00 

10 

010 008 009 



6A8 

6 83 

01 

60 

09 

022 022 022 

— 

6 87 

6 83 

03 

60 

0 7 

046 044 045 

+ 

6 86 

615 

05 

60 

05 

045 047 040 

+ 

6 87 

5 62 

10 

60 

00 

047 048 047 


6 85 

546 


This IS borne out more strikingly when buffered media were used 
(Tables III and IV), for with the extract much greater stimulation 
was recorded than in the imbuffered media, as was also true with 
glucose However, the stimulation due to the glucose reaches a 
maximum, while that due to the extract does not It is also ob- 
served that the stimulation produced by the extract is greater than 
that produced by the glucose and that there is a correspondmgly 
smaller decrease m the pH with the former than with the latter, as 
compared with the growth increase 

When glucose is added together with the extract (Tables V and 
VI) there is no cumulative stimulation as would be expected if the 
stimulating agent were similar to glucose, nor is there a constant 
and unchanging stumilation as was observed with glucose alone 
(Table II) It will be noted that the final pH does not decrease with 
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with 100 gm Lloyd’s reagent The extractives were removed from 
the Lloyd’s with barium hydroxide The barium was removed 
from the filtrate with sulphuric acid The filtrate containing crea- 
tine, creatimne and substances giving a positive Sakaguchi reaction 
was concentrated m vacuo to a volume of approximately 300 ml 
This concentrated extract was kept in the refrigerator until there 
had accumulated a series of extracts from a total of 14 8 liters of 
urine representing a collection period of 18 days These concen- 
trates were then combined and evaporated to a volume of 1400 ml 
and treated in the usual manner with phosphotungstic acid Sixty 
per cent of the substances responsible for the positive Sakaguchi 
reaction remain in the phosphotungstic acid filtrate The filtrate is 
freed of phosphotungstic acid with barium hydroxide and the ex- 
cess barium removed with sulfuric acid The filtrate is evaporated 
almost to dryness and extracted with absolute alcohol The residue 
insoluble in alcohol was dissolved in water and sufficient sulphuric 
aad added to give a 2^o concentration This solution was auto- 
claved at 15 pounds pressure for 30 minutes and ivas then again 
treated with phosphotungstic acid The filtrate was evaporated to 
25 cc The addition of picric acid to this concentrated filtrate re- 
sulted m the formation of a picrate which was recrystallized once 
from water Six hundred and sixty mg of the picrate was obtained 
which retained its crystalline form after drying at 100° C for several 
hours The picrate melted with decomposition at 200 6° and 
showed no depression of melting point when mixed with glycocya- 
mine picrate This picrate gave a positive Sakaguchi reaction and 
gave the same amount of color as glycocyamine picrate when equal 
quantities were compared 

Three hundred and fifty mg of the picrate was suspended in 
10 ml of 20% sulfuric acid and extracted with benzene The sul- 
phuric acid was removed with barium hydroxide and the solution 
evaporated to a volume of 5 ml , from which, on cooling, crystals 
were obtained in the form of rhomboid plates These were re- 
crystallized once from water and dned at 90° C Dr S A Thayer 
of St Louis University analyzed these crystals and obtained the 
following results 

3 813 mg gave 2 02 mg HjO and 4.312 mg COo 
Glyeocyamme, C3H7O2N3 (117) calculated C 30 77 H 5 98 

found C 30 83 H 5 93 

1890 mg gave 0 032 cc N at 30° C, BJP 734 at 0° 

calculated N 35 87 
found N 35 08 

In another case of muscular dystrophy (12-year-old boy) receiv- 
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The effect of the extract upon Alcahgenes fecalts is entirely nega- 
tive This organism is known to have no carbohydrate-fermenting 
ability As would be expected, the pH increases rather than de- 
creases 

From the facts that the extract causes a decrease m the final pH, 
the production of gas, and has no stimulating effect on the growth 
of Alcahgenes fecahs, the assumption can be made that the stimu- 
lating agent, probably pantothenic acid, is related to the carbohy- 
drates The stimulation observed with the extract, however, can in 
no way be attributed to glucose or other hexoses which stimulate 
E coh in a manner similar to glucose 

Conclusion 1 Rice bran contains a growth-stimulating agent 
for Escherichia coh, but not for Alcahgenes fecalts 2 This stim- 
ulating agent is probably related to the sugars 3 It is not a hexose 
4 The substance is probably identical with the pantothemc acid of 
Williams 
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Isolation of Glycocyamine from Urme 

C J WEBER (Introduced bv E A Doisv ) 

From the Department of Internal iledwne, Dniver/nto of Kansas School of 

Medicine 


The isolation of glycocyamine (guanido acetic acid) from urme 
is of interest because of its possible relationship to the ongin of 
creatine Hunter has cntically reviewed the literature on this sub- 
ject in his monograph on “Creatine and Creatinine” 

My interest in this subject began with the finding that an extract 
of urine prepared with Lloyd's reagent gave a positive Sakaguchi 
reaction I also found that the Lloyd’s extract of urine from a 
case of pseudohypertrophic muscular dystrophy gave a stronger 
Sakaguchi reaction than did urine from normal individuals Unnc 
from this patient (8-year-old boy) was therefore used in attempting 
to isolate the substance responsible for the positive reaction The 
patient received 15 gm of glycine daily during the period of unne 
collection The urine was collected in 2- or 3-day penods using 
toluene as a preservative 

The procedure used is briefly as follows The urine after filtering 
was made acid to congo red with hydrochloric acid and extracted 
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mam the previous results and have extended the experiments to 
follow the respiratory changes in P polycephalum As gauze sieves 
I have used Latimer’s “Old Anchor Brand’’ calibrated bolting cloth 
Nos 00, 4, 6 , 8 , 10, 14, and 21 which have average pore sizes of 
0 75, 0 32, 0 24, 0 20, 0155, 010 and 0 07 respectively When 
strained through the last 3 the plasmodium gave no growth , when 
the 0 20 sieve was used the strained plasmodium sometimes grew, 
sometimes not , with sieves of larger pores active plasmodium when 
forced through, grew on the culture medium On the other hand, 
plasmodium if allowed to grow m gauze bags, passed through all 
the sieves as well as hard paper filters onto the culture medium In 
5 hours plasmodium made its way through hard filter S & S No 
5 75 A which has an average pore size of 1 m These facts confirm 
the conclusions previously stated that essential to the life of the 
plasmodium are filaments or fibrils which may be 0 20 mm in length 
but in diameter are below visibility with the microscope 

Since viability is so conspicuously reduced by comminuting the 
plasmodium it seemed important to determme whether metabolism 
as indicated by consumption of oxygen might not also be modified 
m this way The determinations were carried out m the usual way 
with the Warburg apparatus A quantity of plasmodium, approxi- 
mately 20 mg , was spread in a thin layer on a piece of platinum 
foil and introduced into the respiration chamber which was then 
charged with oxygen The temperature of the bath was kept at 
21° C One or 2 normal controls were run with the experimental 
charges Half hourly readings were taken over a period of 3 hours 
The samples were then removed, dried to constant weight over soda 
lime, and weighed to the nearest 01 mg The experiments all 
showed that Oa consumption was reduced as a result of forcing the 
plasmodium through sieves, and that the O 3 consumed decreased 
with lessening of the pore size of the sieve used The average value 
of O 2 consumption for normal plasmodium (36 readings) was 
found to be 4 3 cu mm per mg dry weight per hour For material 
passed through 0 75 mm pores the O 2 consumption was 73% of 
normal, while through 0 07 mm pores the figure was 49% of 
normal Thus a degree of comminution which always killed the 
plasmodium reduced the consumption of Os by about 50% These 
facts suggest that structures m the c 3 hoplasm of P polyceplialum 
are essential both to its life and to the greater part of its respiratory 
activity 

It was further found that deformation of the plasmodium with- 
out comminution caused a delay m growth and a reduction in O- 
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ing 15 gm of glycine daily, 274 mg of glycocyamine picrate was 
isolated from the urine over an 8-day period In this case the 
urine was collected daily and extracted with Lloyd’s reagent on the 
same day The quantity of glycocyamine picrate isolated repre- 
sents 23% of the original Sakaguchi reactmg substances in the 
Lloyd’s extract using glycocyamine as the standard for comparison. 

In a control experiment 600 mg of glycocyamine was added to a 
solution containing creatin, creatinine, glyane, urea and salts in 
concentrations approximating that found m the above 8-day unne 
collection This mixture was treated by exactly the same procedure 
used above Three hundred and ninety-six mg of glycocyamine 
picrate was isolated which represents a recovery of approximatelv 
33% of the glycocyamine extracted by Lloyd’s reagent as deter- 
mined by the Sakaguchi reaction This suggests that probably the 
major part if not all of the Sakaguchi reacting substance m the 
Lloyd’s extract from urine is glycocyamine 

Glycocyamine is not produced during the process of isolation, at 
least, from creatine, creatinine or glycine and urea The addition 
of creatine, creatinine, glycine or urea together, or separately, to 
unne causes no increase m the Sakaguchi reaction of the Lloyd’s 
extract 

The feeding of glycine to a patient with pseudohypertrophic mus- 
cular dystrophy results in an increase of approximately 60% m 
the Sakaguchi reacting substances in the urine 
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Relation of Cytoplaamic Structure to Growth and Respiration m 

Plasmodium. 

A B. MOOSE 

From <?i« Effingham S Morris Biological Farm of the Wtstar Institute of 
Anatomy and Biology 


Recently I have shown that if a small piece of the plasmodium 
of Pliysariim polyceplialum be forced through a gauze with suf- 
ficiently small pores (less than 0 25 mm m diameter) subsequent 
growth of this matenal does not occur, whereas if the pores are 
larger, growth takes place when the matenal is put on the culture 
medium The experiments were repeated and confirmed for 
P ngidntii Dunng the present summer I have confirmed m the 
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solution or tap water were added alternately to the returned secre- 
tions In addition to the fluids mentioned 500 to 1500 cc ot Ring- 
er’s solution were given subcutaneously daily to prevent dehydra- 
tion The control period lasted from 3 to 7 days After the animal 
had fully recovered from the operation and the volume of the secre- 
tions had reached a constant level a second operation was perform- 
ed The jejunum was divided and the ends inverted just proximal 
to the jejunal cannula, producing an isolated duodeno-jejunal loop 
15 to 20 cm long around Treitz’ ligament Following this the coL^ 
lections and replacements were made in the usual manner When 
replacement of the secretions was impossible larger amounts of 
Ringer's solution were given subcutaneously In the obstructive 
period vomiting occurred The volume of vomitus was prorated 
and added to the amounts of secretion collected In 6 ot the 10 
animals the results were complicated by the following occurrences 
gastric bleeding, perforation of tlie loop without distention, leakage 
around the cannula, failure of the secretions to assume a stable 
level during the control period, and internal herma obstruction 
In 5 of these animals the secretions were diminished in volume 
after the production of the isolated loop In the animal with the 
bleeding into the stomach and duodenum the secretions were in- 
creased 

In the remainmg 4 dogs the results were free from complications 
Two of these were operated on under ether, and 2 under 2% novo- 
caine anesthesia Only one of the latter 2 had morplune prior to 
operation In the control period tlie secretions reached a level in 
from one to 2 days averaging from 50 to 70 cc per hour Follow- 
ing the obstruction these animals sunnved for from 2 to 4 days 
during which time the secretions never exceeded 45 cc per hour 
In each individual instance the volume of the digestive secretions 
after the production of the isolated loop was defimtely less than the 
volume obtained during the control period At autopsy these 4 ani- 
mals showed a distended gangrenous loop without gross pertora- 
tion 

It was thought that the second operation might have a depressant 
influence upon the digestive organs Therefore, in a second group 
of 12 dogs an effort was made to produce an isolated loop without 
the second operation Various methods tried on S animals failed 
Then in 4 dogs the duodenal and jejunal cannulae were placed as in 
the first group and an isolated duodeno-jejunal loop was made with 
a round flanged brass cannula placed by means of 2 purse string 
sutures into the distal end to dram the loop During the control 
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consumption The deformation was accomplished by centrifuging 
the samples with an air driven centrifuge (H W Morse’s model of 
the Henn-Huguenard centrifuge) at approximately 75,000 x grav- 
ity for from 1 to 10 minutes Centrifuging for 6 minutes caused 
a delay of about 12 hours m subsequent growth of the piece, and 
an immediate reduction in the consumption of oxygen to near 50^ 
These results indicate that growth and respiration depend upon an 
intimate association of elements of relatively low and high specific 
gravity in the piasmodium, that these can be separated by centri- 
fuging to the impairment of growth and respiration But unlike 
comminution, the effects of separation by centrifuging are rever- 
sible 
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Influence of Closed Intestinal Loop Strangulation on Volume of the 
Combined Digestive Secretions.’* 


JOSEPH 31. SWINDT and H iutURENOE 3XONTGOMEBY (Introduced by 

C D Leake ) 

From the Department of Surgery, University of California Medical School, San 

^ rancisco 


We have reported our findings^ on the influence of simple 
duodenal obstruction upon the volume of the combined gastric, 
biliary, pancreatic, and duodenal secretions In the present work 
we have studied the influence of closed intestinal loop strangulation 
upon these same secretions Twenty-two fasting healthy dogs were 
used in the study All had their salivary ducts hgated 

In the first group of animals the duodenum weis divided below the 
entrance of the lower pancreatic duct, a Dragstedt type of intestinal 
cannula was placed m the proximal duodenum and the cut ends were 
inverted A second cannula was placed in the jejunum about 6 to 
8 cm distal to Treitz’ ligament From the duodenal cannula the 
combined digestive secretions drained into a clean rubber bag Col- 
lections were made every one to 4 hours day and night, measured, 
and returned by cannula into the jejunum About 50 cc of Rmger’s 


was conducted under a grant from the Christine Breon Fnnd for 

Medical Beaearch of the University of Cahfon^ Mescal &I100I 
^ 1 ilontgomery, 31 L, and Swindt, J IL, Paoc Soo Exp Biou and Med, 

ISad, 31, 915 
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duced death In embolism due to introduction of air into a periph- 
eral vein, the air goes first to the heart and lungs independent of 
the position of the animal In the present studies, all animals nere 
kept flat in the supine position during the m3ection of gas The gas 
was injected quite rapidly , m most instances the entire amount be- 
ing introduced in about 30 seconds 
The mmimal tatal dose of air was found to be about S cc per 
kilo body weight Animals under urethane anesthesia were used 
throughout the w’ork The air was injected through a large can- 
nula into the femoral rein (usualh the lett) from an inverted 
burette, being forced in br a column of w^ater Another cannula 
w'as placed in the carotid arterr to record the blood pressure The 
air flowed m rapidly until at a certain point it began to flow' more 
slowlj'and the column of water showed pulsations synchronous w'lth 
the heart beat This usualh occurred when very roughh nme- 
tenths of the mmimal fatal dose was injected The results ot 11 air 
injections are showm in Table 1 

TABLE I 

Effects of IwiecUon of Air into the Femoral Vein 


Tune of 


No 

Dog Wt 
Kg 

Ce air 
injected 

Cc per 
Kg 

injection 

sec 

Besttlt 

1 

6 0 

150 

23 1 

960 

deatU 

0 

70 

55 

7 9 

205 

/; 

3 

90 

45 

5 0 

7 

i t 

4 

95 

47 

5 0 

75 

recoverr 

5a 

80 

54 

68 

10 

; 1 

5b 

80 

64 

SO 

10 

death 

6 

8 5 

68 

8 0 

22 


1 

12 0 

68 

57 

38 

recovery 

8 

12 0 

72 

60 

32 

death 

9 

69 

64 

93 

16 

j » 

10 

70 

56 

80 

18 

» f 

11 

19 0 

178 

94 

40 

1 1 


A dog that recor ered following an injection of air or oxygen 
usuallj show'ed a rapid fall m blood pressure to as low' as 20 mm 
of mercurj' with gradual recorerv to the normal level There was 
usually no diminution m pulse pressure, but some slow'ing of the 
heart rate Necropsv shorth alter recorerc in one dog showed no 
air or oxygen m the heart Reco\er\ was usuallv complete within 
2 or 3 minutes 

A dog that died following an injection of air or ox^gen usuallj 
showed a rapid fall in blood pressure to about 16 mm ot mercury 
W'lth no return to the normal le\el There was a rapid decrease in 
the pulse pressure with some slowing ot the heart rate The pulse 
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period the collections and replacements of the digestive secretions 
were made m the usual manner Then the isolated loop w'as closed 
^3 drainage cannula with cotton and screwing a cap 

on tlie end In 2 of these animals there was leakage around tlie 
cannula which allowed the loop to decompress and prevented strang- 
ulation Howe\er, in 2 animals the closure was perfect The loops 
became distended, necrotic, and perforated as revealed at autopsy 
During the control period the secretions m these 2 animals ai eraged 
about 65 cc per hour w’hereas the highest ^alue after obstruction 
ot the loop was 50 cc per hour Often it was much lower One 
animal showed a sharp terminal rise in secretion, wdiich, however, 
did not exceed the a\erage for the control period The character 
and amount of the immediately preceding secretions indicated this 
probabh was due to terminal relaxation of the p\lorus and empty- 
ing of accumulated fluid in the stomach rather than to stimulation 
In the second dog the stomach was aspirated Ircquenth during the 
period of obstruction and the tenninal rise did not occur It is our 
belief, therefore, that m isolated duodeno-jejunal loop strangulation 
obstruction the combined gastric, pancreatic, bilian and upper duo- 
denal secretions are not stimulated to excessne secretion On the 
contran the\ tend to be depressed 
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Embolism by Air and Osygen Comparative Studies ^ 

HENRY N HARKINS asd PAUL H HARMON (Introduced bv Edmund 

AadreiTs ) 

From the Department of Surgery, The Unnrrsity of Chicago 

Attempts w'ere made in these experiments to compare the minimal 
fatal dose of air and ox\gen when introduced into a peripheral tein 
Van Allen, Hrdma and Clarke* found that m embolism due to air 
introduced into the pulmonart t'em, the rapiditt of introduction of 
the air and the position of tlie animal w^ere 2 factors of prime im- 
portance The position of the animal was belieied to be of import- 
ance bi directing the flow' ot air upward bv gra\ iti These authors 
fomid that when the head was uppermost, the air more easily pro- 
. Xfork done in part under a grant from the Douglas SimtU Foundation. Pre- 
hffiZDkTrv report 

iVan AUtu, C M, Hrdma, L 8 , and Clarke J , Arch Suro 1020 19, 587 
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duced death In embolism due to introduction of air into a periph- 
eral vein, the air goes first to the heart and lungs independent of 
the position of the animal In the present studies, all animals were 
kept flat m the supine position during the injection ot gas The gas 
was injected quite rapidly, m most instances the entire amount be- 
ing introduced in about 30 seconds 
The mmimal fatal dose of air was found to be about 8 cc per 
kilo body w’eight Animals under urethane anesthesia w^ere used 
throughout the w'ork The air was injected through a large can- 
nula into the femoral vein (usually the left) from an inverted 
burette, being forced in bj a column ot water Another cannula 
W'as placed m the carotid arter\ to record the blood pressure The 
air flowed in rapidly until at a certain point it began to flow more 
slowly and the column of water showed pulsations synchronous with 
the heart beat This usualK occurred when lery roughly nine- 
tenths of the minimal fatal dose was injected The results of 11 air 
injections are showm in Table 1 

TABLE I 


Effects of luiection of Air into tl>e Femoral Vein 


No 

Dog Wt 
Kg 

Ce air 
injected 

Cc per 
Kg 

Tune of 
injection 
sec 

Eesult 

1 

6 5 

130 

23 1 

960 

death 

2 

7 0 

55 

79 

205 

) 1 

3 

90 

45 

5 0 

7 

1 f 

4 

95 

47 

5 0 

75 

recovery 

5a 

8 0 

54 

6 8 

10 


5b 

8 0 

64 

8 0 

10 

death 

6 

8 5 

68 

80 

22 

f ) 

7 

12 0 

68 

57 

38 

recovery 

8 

12 0 

72 

GO 

32 

death 

9 

09 

64 

9 3 

16 

7 1 

10 

70 

56 

8 0 

18 

7 7 

11 

19 0 

178 

9 4 

40 

77 


A dog that recovered following an injection ot air or oxygen 
usually showed a rapid fall in blood pressure to as low' as 20 mm 
of mercury w'lth gradual recovew to the normal level There was 
usually no diminution in pulse pressure, but some slowing ot the 
heart rate Necropsy shortlv after recovery m one dog showed no 
air or oxv'gen in the heart Recoverv was usualiv complete w'lthin 
2 or 3 minutes 

A dog that died following an injection of air or oxvgen usuallv' 
showed a rapid fall m blood pressure to about 16 mm ot mercury' 
with no return to the normal level There was a rapid decrease in 
the pulse pressure with some slow mg of the heart rate The pulse 


180 


Embolism Air Oxygev 


became imperceptible to palpation and on the blood pressure tracing 
Hon ever, as long as 3 minutes after the last visible cardiac pulsa- 
tions, a few aborti\ e respirations would occur In some cases a few 
weak cardiac pulsations occurred as long as 8 minutes after death 
as seen w hen the chest was opened Necropsy showed air or oxygen 
in tlie vena cava and right side of the heart 

Oxygen injections were only slightly less toxic tlian air injections 
as seen in Table II “kll effects on the blood pressure, respiration, 
and pulse w ere identical 

TxVBLE II 


Effects of Injection of Oxjgen into the Femoral Vein 


No 

Dog Wt 
Kg 

Cc air 
Injected 

Cl per 
Kg 

Time of 
injection 
sec 

Eesult 

I’u 

7 8 

02 

80 

20 

recovery 

12b 

7^ 

02 

SO 

1 J 

t* 

12c 

78 

09 

89 

20 

f ) 

12d 

7 8 

73 

10 0 

37 

tf 

13a 

9 5 

05 

08 

30 

)> 

13b 

95 

70 

SO 

25 

death 

11 

95 

75 

79 

35 

t > 

15 

80 

72 

90 

38 

} t 

16 

0 5 

72 

110 

28 

} 1 

. 17 

7 5 

75 

10 0 

33 

i i 

18a 

80 

80 

10 0 

30 

recovery 

18b 

80 

100 

12 5 

22 

death 


In an 8 kg dog there is about 615 cc of blood (assuming one- 
thirteenth of the body weight is blood) The arterial blood may be 
considered to be completeh saturated ivith oxygen Then assuming 
that half of the blood m the bodi is yenous and that tins lialf la 6% 
unsaturated with oxygen (it is realized that tlie unsaturation de- 
pends on vasomotor conditions and varies in various parts ot the 
body), then the blood of the entire body of an 8 kg dog is 0 06 x 
308 = 19 cc unsaturated Since air is about 20% oxvgen, and the 
minimal fatal dose of air for such a dog is 64 cc , this amount of air 
would contain 13 cc oxygen Thus the air would be taken up bi 
the hemoglobin to the extent of 13 cc while 19 cc of oxygen might 
be taken up Theoretically therefore, from the standpoint of com- 
bining with hemoglobin, the 2 should act practically the same It 
js quite possible that because of the rapidity of the injection, the 
oxygen or air does not have time to mix with all the venous blood 
Except for this it might be expected that an 8 kg dog could tolerate 
19 cc more air or oxygen than pure nitrogen 

An attempt was made m experiments 13b and 15 to increase the 
oxygen unsaturation by clamping off the trachea for 60 and 75 
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seconds respectively just before injecting the oxygen It is seen 
that the oxygen tolerance was not increased by this procedure No 
blood studies were made in these dogs 

Calculations are made that indicate that the minimal fatal dose 
of oxygen should not be greater than that of air when injected 
rapidly into the peripheral vein ot a dog The results of 24 mjec- 
hons of air or oxygen mto 18 dogs show no marked difference in 
tOXlClt}' 
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Studies on Centrifuged Frog Eggs 

H. W BEAMS, E L. KIXG, axd P I.- HISLEY (Introduced by E Witscbi.) 
From iJio Zoology Laboratory, State University of loica 


The effect of centrifuging fertilized eggs of the frog both before 
cleavage and during the early cleat age stages has been studied by 
several investigators Gurw'itsch,^ Hertwig," Wetzel,® iMorgan,'* 
Konopocka,® McClendon,® and Jenkinson particularly have re- 
ported the redistribution of certain materials and the intense strati- 
fication of others along the primarv axis of centrifuged frog eggs 
They state that the stratification of materials takes place m the order 
of their relative specific gravitj , i c , a yellow or white centripetal 
layer, a translucent protoplasmic middle layer and a heavy ) oik cen- 
trifugal layer containing the black pigment granules In general, 
the results of these investigators show that, when the centn uging 
has been relatively w-eak, development is often apparently noriml 
with perhaps a slight abnormal pigmentation and distribution o 
m the head region However, if the centnfugal force has been 
slightly greater, curious monsters often appear Jenlunson par 
ticularly has noted that the m\otomes and spinal ganglia are fre- 
quently fused together beneath the nerve tube and that the notochord 
IS often absent altogether Hertwig frequently obtaine monstrosi 
hes of the spina bifida type Pasquini and Reverberi have centn- 


iGurwitsch, A., Verhandl Anat Gesellscli , 1904, 18, 140 
-Hertwig, 0 , Arch f Zlilr Anat , 1904, 63, 643 
» Wetzel, G , Arch f Milr Anat , 1904, 03, 636 
* Morgan, T H., Arch f Entw ilech , 1900, 23, 5o3 
^ Konopocka, B , Bull Int Acad Crac , 1909, Ser B , 
"McClendon, J F, Arch f Entw ilech , 1909, 37, 247 
1 Jenkinaon, J W , Quart J Micr Sci , 1913, 60, 61 
'' Pasquini, P , and Beverberi, G , Boll Inst di Zool , Univ 


Boma, 1929, 7, 1 
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fuged frog eggs at the gastrula stage and obtained many curious 
monsters not unlike some that have appeared in our experiments 

We ha\e recently centrifuged unfertilized frog eggs of 
aurora for 2 minutes at 40 pounds pressure in the air-dnven ultra- 
centrituge descnbed by Beams, Weed and Pickles'* It has been 
possible to repeat the stratification of materials in the frog egg as 
described by the abo\ e named in\ estigators Furthermore, we have 
produced a complete cleavage or fragmentation of the egg into a 
light fattv fragment and a hea\ier yolk and protoplasmic fragment 
No effort has been made to determine whether or not such frag- 
ments ma) be fertilized and if fertilized will develop When 
stronger centrifugal force is applied tlie fragments are completelv 
forced out of the jelly and burst 

In another series of experiments the eggs ot Raiia pipicns in the 
many cell and early gastrula stages were centrifuged for 5 to 7 
minutes at about 2000 times graiitv Such eggs often de\eIop into 
monsters, many of w’hich possess 2 and sometimes 3 tails Figure 
1 is a cross section through the region of the base ot the tail of such 
a tadpole It will be noted that the neural tube is single but shows 
some indication of spreading and becoming dnided as m Figures 2 
and 3 w'hich are serial sections of the same tadpole taken slightly 
more caudad The notochord lias already doubled in Figure 1, and 
m Figures 2 and 3 the right notochord has divided so that there 
are 3 distinct notochords with 2 neural tubes Sections taken ceph- 
alad show the neural tube and notochord to be single 

Figure 4 represents a cross section of another tadpole of a sim- 
ilarlj treated group of eggs preseixed at a slightly earlier period in 
development There are two distinct notochords present but no 
trace of a neural tube In this animal the brain showed distinct 
malformation and the neural tube extended posteriorly only for a 
very short distance Other monstrosities w'lth no heads and ex- 
panded growths of epidermis into folds and ridges w'ere found In 
still other cases the yolk was collected m the blastopore region 
forming an unusuallj large and persistent >olk plug which prevent- 
ed the normal closure of the blastopore 

No special effort was made to orient the eggs m the centrifuge 
and it IS assumed that they arranged themselves m the usual way 
with the vegetal pole outward or centrifugally About one-third 
of the eggs which received the proper degree of centrifuging de- 
veloped abnormally Con trols developed normally in every case 
- — A J , and Pickles, E G , Scifnoe, 1933, 78, 338 
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We are unable to offer a definite explanation regarding the cause 
of the doubling of the neural tube and notochord and of the other 
curious malformations mentioned above However, they may be 
due to mechanical disturbances in development caused by a displace- 
ment of mitotic figures, by the injury and possible killing of certain 
cells, or by the intense stratification ot materials which results in an 
upset of the processes of development On the other hand, it seems 
equally plausible from the work of Spemann and his collaborators 
that centrifuging in the many cell and early gastrula stages may 
have affected the composition or organization of the “inductors” or 
organizing centers resulting in a disturbance of the normal inductive 
process 
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Morphological Comparison of Anterior Pituitcines of Normal 
Castrated Female Rats and Those Receiving Injections 
of Pregnancy Unne Extracts 

J IL WOLPE 

From tho Department of Anatom;/, Vanderbilt University School of Medicine, 
Nashiille, Tennessee 

It has been reported by Sevennghaus^ and Wolfe, Ellison and 
Rosenfeld**^ that while injections of extracts of pregnancy urine 
result in marked changes m the anterior pitmtanes of normal fe- 
male rats, such extracts are without action on the anterior pituitanes 
of castrated female rats In our previous reports- ® detailed data 
were not given , m this report we wish to present quantitative data 
which demonstrate that the antenor pituitanes of non-injected cas- 
trated female rats (both mature and immature) are morphologically 
indistinguishable from those of female rats receiving injections of 
extracts of pregnancy urine 

Sixty-five virgin mature and 31 immature female rats were cas- 

• These studies ■were supported by grants from the Committee for Besearch 
m Problems ot Sei of the National Besearch Council, from the Committee tor 
Scientiflc Besearch of the Amerioan Jledical Association, and the Divuion of 
Uedical Sciences of the EockefeBer Poundation. 

1 Sevennghaos, A. E , Peoc Soc Exp Biol, and Med , 1934, 31, 593 

3 Wolfe, J M., EUiflon, E T, and Bosenfeld, Lotus, Anat Deo, 1934, 158, 

93 (supplement) , ,, , , 

3 Wolfe, J M, Ellison, E T, and Bosenfeld, Louis, Anat Dec, 1934, 58, 

94 (supplement) 
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Castration and Anterior Pituitary 


trated TJie mature females were sacrificed at 15 and 30 day in- 
tervals after operation Forty-one of these rats received from 
25 to 75 Uinta of an extract of pregnancy urinet daily throughout 
the 15 dai castration period or for the last 15 days of the 30 day 
castration period in those rats which were sacrificed after 30 days 
All immature rats were between 25 and 30 days old at operation, 
and were sacrificed 15 davs after operation Sixteen received 25 
units of pregnanci urine extract daily for the entire period, 15 lit- 
termatc sisters seried as controls 

At autops) the pituitanes were w'eighed and fixed in Regaud’s 
fluid Serial sections of all glands were cut Complete cell counts 
were made on 5 sections from eich of the 90 glands A total of 
33 1 ,056 cells w ere counted 

The qiiantitatu e results ot these studies are presented statistically 
in Table I (Frecpiency distribution, means and standard deiia-' 
tions are given) Analysis of this table reveals that the percentages 
of the various cell types m the anterior pituitanes of tlie injected 
rats were almost identical to the percentages of these cells m the 
anterior pituitanes of the control rats castrated for a similar period 
of time Morphologically the anterior pituitanes of the injected 
rats and those of the controls appeared identical From the results 
of these experiments we feel justified in concluding that extracts of 
pregnancy urine are without action on the anterior pituitanes of 
castrated female rats 


7608 C 

Comparative Quantitative Effects of Castration in Mature and 
Immature Female Rats * 

J il WOLFE 

From the Department of Anatomy, Vanderbilt University School of Medicine, 

Mashvitle, Tenn 


Ellison and Wolfe' have reported that in the anterior pituitanes 
of castrated mature female rats there is an increase in the percentages 


t Follutem was fuimshed by E B Squibb and Sons through the courtesy of 


Dr J J Durrett. 

* These studies have been supported by the Coranutteo for Research in Proh 
Jems of Sex of the National Heseatch Council, the Gonmiittee for Scientific Re- 
search of the American iledical Association, und the Divibiou of Medical Sciences 


of the Bockefcller Foundation 

1 Elbson, E T , and WoUo, J W , Endocrinology, 103-1, 18, 555 



Castration 


Axtehor Pheii'M 


1S7 






Sa: 




fSCC 






^ OC 


sx 




1 1 


'*S” 1 


d S 


c^ d 


cd 1 I 


5==5=S|l=s2?-«|;-=S = o 
= o= 1.= °°°°S°°?,I^22!5S-§ 

_-=OE- = >='=-“S'-'’-''^'^’S= 

"rji -S' -< 2 O 



1S6 


C VSTRATIOV ANU AnTCKIOR PlTUlTxMlY 


tratecl The mature females were sacrificed at 15 and 30 day in- 
tervals after operation Forty-one of these rats received from 
25 to 75 units of an extract of pregnancy urinef daily throughout 
the 15 d.i} castration period or for the last 15 days of the 30 day 
castration period in those rats which were sacrificed after 30 days 
All immature rats were between 25 and 30 days old at operation, 
and were sacrificed 15 days after operation Sixteen received 25 
units ot pregnancy urine extract daily for the entire period, 15 ht- 
termatc sisters sen-ed as controls 

At autopsy the pituitaries were weighed and fixed m Regaud's 
fluid Serial sections of all glands were cut Complete cell counts 
were made on 5 sections from each of the 90 glands A total of 
331,056 cells were counted 

The quantitatne results ot these studies are presented statistically 
in Table 1 (Frequency distribution, means and standard de\ia-' 
tions are gi\ en) \naly sis of this table re\ eals that the percentages 
of the \anous cell types in the anterior pitmtanes of the injected 
rats were almost identical to the percentages of these cells m the 
anterior pitmtanes of the control rats castrated for a similar period 
of time Morphologically the anterior pituitaries of tlie injected 
rats and those of the controls appeared identical From the results 
of these experiments we feel justified m concluding that extracts of 
pregnancy urine are without action on the anterior pituitaries of 
castrated female rats 


7608 C 

Comparative Quantitative Effects of Castration in Mature and 
Immature Female Rats 

J M WOLFE 

prom the Department of Anatomy, VanderhUt Unnersity School of Ilediclne, 

Nashville, Tenn~ 


Elhson and Wolfe* have reported that m the anterior pituitaries 
of castrated mature female rats there is an increase in the percentages 

t Folluteia 'vaa furmahed by E B Squibb and Sons through tho courtesy of 
Dr J J Durrett, 

* These studies have been supported by the Committee for Research m Prob 
terns of Sex of the Nabonal Beacarch Council, tho Committee for Scientifle Re- 
aearcli of the American Medical Asaociation, and the Division of Medical Sciences 
of the Bockcfellor FoundaUon 

1 EUiaon, E T , and Wolfe, J M , BndocnnoXooy, 1934, 18, 555 
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castrated for a period of time which was twice as great (30 days) 
Study of the frequency distribution ot these cells m the mature and 
immature groups will show the induidual variations in the different 
groups and demonstrate in a clear-cut tashion that the factor of age 
must be considered senousl} when one is studjing the reaction or 
the anterior pituitary of the female rat to castration It is impos- 
sible at the present time to give an explanation of this interesting 
finding It is pointed out that the initial lev els ot the basophiles are 
much higher in normal immature female rats than the} are in 
mature females killed during the various phases ot the oestral cv'cle 
Also m the anterior pituitaries of immature temale rats a great 
majority of the basophiles are completel) filled with granules, while 
m the mature female these cells undergo C) die changes in their gran- 
ular content 

Reference to Table I wall show that the mean level or eosmo- 
philes in 39 female rats castrated for 30 dajs was 41 2 Jo while the 
mean level of these cells in 69 mature normal female rats was 
33 6% This would indicate that m this group of castrates there 
was some increase m the eosinophiles However, it is important to 
pomt out tliat occasionally the level of these cells in non-castrated 
temales was slightlj higher than 40% Smee the mean level of 
these cells in the 30-da) s castrates vv as only slightly above the upper 
limits of normal for normal females it seems questionable to con- 
clude without additional data that castration in mature female rats 
results m an increase in the eosinophiles 


7609 C 

Suspension Stability of Erythrocytes in Solutions of Gum Acacia 

S P LUCIA AND J W BECWN (Introduced by D II Greenberg ) 

From the Division of Medicine, University of California Medical School, San 
Francisco, California. 


It is Stated that the suspension stabilit) ot ervthrocvtes is de- 
pendent upon variations in the albumin, globulin, and fibrinogen 
content of plasma ' ‘ An increase in the fibrinogen, or globuhn, 
tends to dimmish the stability ^ A caretui study of this phenome- 

* Assisted by a grant from the Cbnstine Breon Fund. 

1 Fahraeus, B., Acto Med Scand , 1921, 40, Suppl 

= Westergren, A, Juhlin Dannfelt, C, and Scbnel], B., Acta Med Scand, 
1032, 77, 469 
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of the basophiles to a mean level of 9 % m the 15-day castrates and 
13 6 % in the 30-day castrates A few signet-nng castration cells 
were also found in the anterior pituitanes of the 30-da> castrates 
In furtlier studies" we ha\e pointed out that injection of pregnancy 
urine extractsy are without action on the pituitanes of mature 
female rats castrated for 15 and 30 days By adding the 2 series of 
injected and uninjected animals together, w'e hav'e to date studied 
and made cell counts on the anterior pituitanes of 25 mature females 
castrated for 15 days and 39 castrated for 30 da>s These data 
are arranged in statistical torm in Table I, in which the frequency 
distribution of the percentages of the various cell types, the mean 
and the standard deviation are given In addition, 31 immature 
female rats were castrated w'hen between 25 and 30 days of age and 
sacrificed 15 dajs later Sixteen of these animals received injec- 
tions of pregnane} urine extracts Since these extracts were with- 
out action on the anterior pituitary,’ data from these 31 rats are 
considered together and arranged statistically m Table I For non- 
castrated controls we have to date made cell counts on the anterior 
pituitanes of 69 mature female rats killed at various periods of the 
oestral cycle, and 31 immature female rats killed between 25 and 35 
days of age The mean levels of the eosmophiles in the anterior 
pituitanes of the mature and immature controls w'ere 33 6 and 
361%, respectively The standard deviations (S D) were 4 5 
and 3 9, respectively The mean level of the basophiles in the ma- 
ture controls was 4 8% (S D of 1 2) and m the immature controls 
was 7 2% (S D of 1 3) The mean levels of the chromophobes 
were 61 9% (S D of 4 2) in the mature controls and 55% (S 
D of 3 2) m the immature controls 

Analysis of Table I reveals that in 25 mature female rats cas- 
trated for 15 days, the mean level of the basophiles was increased 
to 9% and m 39 mature females castrated for 30 days, the mean 
level of the cells was increased to 13 6% (The mean level in 69 
non-castrated mature females was 4 8%) Further analysis re- 
veals that in 31 immature rats, castrated before they were 30 days 
of a^^e and sacrificed 15 days after removal of the ovaries, the mean 
level of the basophiles was increased to 15 8%, a mean percentage 
which was slightly higher than that found m mature female rats 
J M , BUiHOn, B T , and Bosenfeld, Ijoms, Anat Sea , 1934 supple 


ment, 58 94 

t BoUutein was furnuhed by E B. Squibb and Sons through the courtesy of 
T)r J J Durrett. 

3 Wolfe, J IL, PBoa Soc Exp Bioi- aki) Med, 1934, 33, 184 
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Locke's solution, 1, 2, 3, 4, 6, 8 and 10% acacia in buffered Locke s 
solution, the resulting cell volumes being 20% or 2 15±0 1 million 
corpuscles per c mm The experiments are therelore corrected foi 
a standard \ olume “ In all resuspension experiments the S} nnge^ 
were rinsed in 10% potassium oxalate solution 
Results Table I records the results, expressed as aierages, ob- 
tained on 13 different samples of blood 
It will be noted that although the sedimentation rates ot the 2 
senes differ considerably when suspended in their respectne plas- 
mas, there are no marked differences when these same cells are re- 
suspended in Locke and acacia solutions under standard conditions 
of volume 

The tollowing expermient was done m order to determine mac- 
roscopically, tlie time of rouleaux tormation, and the rapiditj ot 
sedimentation For this purpose a stop-watch was used 

TABLE ir 


The Sedimentation Bate Expressed in Minutes for a Selected Sample 


SJE Lenzenmeier teclmic 235 

8JR, oxalated undiluted specimen 176 

S^ cells resuspended in plasma E V 5(y BBC’s = 2^220, 000/cmnL 

Sja »» »» Locke EV ioO BBC’s = 2,n0,000/cinm* 


3% 49o 67 o 

1 ^ 


Eouleaux formation begins at 

2 0" 1 10” 

1 15" 1 02' 1'03 ' 

2'25" 

O' 0" 

mm 




1 

5 50 1 25 

1'15" 158' 

3 45" 


2 

9 35 2 19 

1 30" 2 14" 2'44 ' 

415" 


3 

12 20 3 OS" 

2'55 

4 30 

4'50" 

4 

13 50' 4 25 

3'10 

4 45" 

o'lo' 

5 

14 45 4 39" 

2'30" 2 39 3'17" 

4 57" 

5'40" 

6 

17 45" 4 52 

2 45" 3'24 

5 10" 


7 

20 30" 5 29" 

3 31" 

5'19" 

6 15" 

8 

23 15" 5 58 

3 46' 

5'26' 


9 

26 25” 6 27 


5'33" 


10 

6 42 

3 04 

5 40" 


11 

6 50" 


5'47" 

G 45’ 

12 

3410" 7 20" 

3 30 3 19" 4 26 

5 54" 

6 55" 

13 

7 50" 


6 02" 


14 

8 23' 




15 

S43 



7'25" 

16 

9 05' 




17 

9 25 




IS 

56 0" 10 00” 

4 15" 3 54' 4 56" 

0 52" 

8 10" 


An examination of Table II re\eals that at lea^t one minute 
elapses before rouleaux tormation is initiated Sedimentation be- 
gins slowl) at first and then progresbCs with an accelerated eelocit) 
lollowed by retardation In rapidh -edinienting bloods the rate ot 
sedimentation is not a rectilinear function 

“Walton, A C K, J Lai and Clin O/f'J 1933, 18, 711 
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nou^ reveals that although there appears to be an association be- 
tween an increase m blood serum globulins and a diminished sus- 
j'ension stabilitv' the real causative factor is an agglutinant which 
ina\ or may not be associated with the globulins The sedimenta- 
tion oi red blood corpuscles m the presence of this agglutinant, 
tound in ph^slologlcaIly altered blood, may be paralleled e\pen- 
mentalU m solutions ot gum acacia 

W hen solutioua ot gum acacia are administered intravenoush to 
human subjects it is noted that the blood becomes difficult to smear, 
and that the suspension stabilitv' of the erythrocytes is diminished 
Similar phenomena may be observed when blood is mi\ed with gum 
acacia solutions in t itro 

Mitlwil Human Milijects with normal and shortened sedimen- 
tation rates and subjects receiving gum acacia solutions intraven- 
ou<:lv were chosen tor this studv All sedimentation eNperiments 
were done using the Fnedlander tube and recording the time neces- 
sar\ for the column ot erythrocytes to settle IS mm A 20 cc 
sample ot venous Idood was withdrawn and o\alated A sedimen- 
tation test was done directlv on this sample and another was done 
using the Lenzenmeier technic The remainder ot the sample was 
separated b\ centntugation and the corpuscular moietv washed with 
3 changes of Locke’s solution Then 0 2 cc of washed corpuscles 
were resuspended m OS cc of the following menstrua plasma 

TABLE I 

Se dimcntnhon Rjto Expressed in Minutea for a Column of Cells to Settle 18 miu- 

Slowly Eapidly 

Sedimenting Sedimenting 

Blood Blood 

•1 samples 9 samples 


SB 

Lenzenmeier teclinic 
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24 

SR 

o:tnlatetl undiluted "peciiuen 


1S6 

14 

SR 

eells resuspended in plasma 

E V 

44 

7 

SB 

) 

t r 

Locke 

BY 

719 

726 

SR 

> 

1 f 

’ ’ 1% acacia E V 

60 

55 

S R 

> 

? f 

” 3% ” 

EV 

11 

11 

SB 


1 f 

” 3% ” 

EV 

47 

3 5 

S B 

> 

# t 

” 4% ” 

EV 

5 

3 8 

S T? 

jt 

t s 

” 6% ” 

EV 

6 0 

4.6 

S B 

}t 

y y 

” 8% ” 

EV 

9 2 

7 

SR 

jy 

yy 

” 10% ” 

E V 

36 

30 


SJt = Sedimentation rate 
E V = 209o celt volume 


aWestergren, C , Theorell, H , and Widstrom, Q , Z f d g Exp ited 1931, 
75, ObS 

1 Eucin S P , Gospe, S , and Brown, J W , to be publiahed 
o Lenzenmeier, G, Jrc/i f Gynaelologic, 1^2.0, 113,603 
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second, normal, mature males, and the third, ovanectomized females 
castrated some 9 months previously All animals were injected once 
per day with 5 rat units of estrin during the first 3 weeks and with 
20 rat umts for the next week In the second series, groups of the 
same size and kind of ammals were used These were given 5 rat 
umts of estrm dunng the first 3 weeks and 20 rat umts daily for 
the following 5 weeks The material was highly purified, non- 
crystallme estrm from human pregnancy urine, carefully assayed 
by the Coward-Bum method After the mjections were completed 
the animals were allowed to rest for 4 days to permit excretion of 
residual estrm. They were then etherized, the carotid cannulated 
and the blood withdrawn through the cannula into a syringe The 
blood was permitted to clot and between 3 and 4 cc of serum ob- 
tamed per rat. 

In determmmg the ability of this serum to neutralize the effect of 
estrm, the following procedure was adopted One himdred newly 
ovanectomized rats were used, one group was mjected with estnn 
only, one group with estnn plus serum m the same amounts and 
from rats of the same kind as the mjected animals and the third 
with estrm plus the serum from the injected animals Those given 
serum received one-third the total amount at the same time they re- 
ceived the estrin, one-third 12 hours later and the remainder 24 
hours after the first injection. The serum given represented ap- 
proximately the total amount obtamed from one donor rat and 
vaned between 3 and 4 cc. The estrm was given in oil subcutan- 
eously and the serum intrapentoneally All rats were given 2 Cow- 
ard-Bum rat umts of estnn (One Coward-Bum rat umt repre- 


TABLE I 


No of Bats 
Injected 





Material Injected % m Estms 

50 

2 EIJ 

Estrin only 




S3 

10 

2 

j I 

1 t 

plxis 

serum from 

non mjected males 

SO 

10 

2 

} I 

1 t 

1 7 

) 7 

7 7 

males injected for 1 mo 

100 

10 

2 

i > 

7 7 

7 7 

7 7 

7 7 

” ” ” 2 mo 

90 

10 

2 

i f 

77 

7 7 

7 7 

7 7 

non ovanectomized, non injected 
females 

90 

10 

2 

f } 

7 7 

7 7 

7 7 

7 7 

non ovanectomized females m 
jected for 1 mo 

SO 

10 

2 

f i 

7 7 

7 7 

7 7 

7 7 

non ovanectomized females in 
jected for 2 mo 

80 

10 

2 

1 i 

7 7 

7 7 

7 7 

7 7 

ovanectomized, non injected 
females 

so 

10 

2 

1 1 

7 7 

7 7 

7 7 

7 7 

ovanectomized females injected 
for 1 mo 

90 

10 

2 

> 1 

7 7 

7 7 

7 7 

7 7 

ovanectomized females injected 
for 2 mo 
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When samples ot corpuscles m acacia solutions are examined 
microscopically, it is noted that rouleaux formation is slow and the 
clumps small m the l^o solution, rapid with large clumps m the 
10% solution 

Sinntnary The tactors responsible for alterations in tlie sus- 
pension stability of erythrocytes is independent of the corpuscles 
Solutions of gum acacia reduce tlie suspension stability ot the blood 
A solution of 3 or 4% of acacia is the minimal amount that will 
produce the maximal instability of erythrocj'te sedimentation The 
rapidity of formation and the size of agglutinated erythroc}'te 
masses progresses parallel to the increase in concentration of acacia 
in solution The curve of sedimentation for rapidly sedimenting 
bloods IS not a rectilinear function 
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No Anti-Hormones Agamat Estrin 

FKBD E D'AilOER, ODAELOTTB DUMONT A-Vi) B G GUSTAV60N 
From the Sceearch Lahoratortes, University of Denver 

In 1934, Collip indicated that there may exist anti-hor- 
mones, or substances produced as a result of continued hormone in- 
jection which tend to counteract the effect of the hormone In the 
preparations which he used, however, the possibility ot protein be- 
ing present could not, with absolute certainty, be excluded The 
so-called anti-hormone might then possibly have been an antibody, 
although evidence opposmg this belief was presented 

It seemed to us desirable to investigate the possibility of anti- 
hormone production against estrin since w'e would here be dealing 
with a substance certainly not a protein, and also because we found 
in earlier work* that continued estrin admimstration did not cause a 
continued increase in size of the uterus, but rather the reverse, which 
might conceivabI> be explained on the basis of anti-hormone pro- 
duction 

Two series ot experunents were performed In the first, 3 groups 
of 10 rats each were used, one group normal, mature females, the 

• This investigatJoiTwaa supported In part bj a grant from the National Be 
search Council, Committee on Problems of Ses, 

X Spencer, Jack, D 'Amour, Bred B, GustaTson, E. G, Am J Anat , 1933, 60, 
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second, normal, mature males, and the third, ovariectomized females 
castrated some 9 months previously All animals were injected once 
per day with 5 rat units of estrm durmg the first 3 weeks and with 
20 rat umts for the next week. In the second series, groups of the 
same size and kind of ammals were used These were given 5 rat 
umts of estrin dunng the first 3 weeks and 20 rat umts daily for 
the following 5 weeks The material was highly purified, non- 
crystallme estrm from human pregnancy unne, carefully assayed 
by the Coward-Bum method After the injections were completed 
the animals were allowed to rest for 4 days to permit excretion of 
residual estrm. They were then etherized, the carotid cannulated 
and the blood withdrawn through the cannula into a syrmge The 
blood was permitted to clot and between 3 and 4 cc of serum ob- 
tamed per rat 

In determmmg the ability of this serum to neutralize the effect of 
estrm, the foUowmg procedure was adopted One hundred newly 
ovariectomized rats were used, one group was mjected with estrm 
only, one group with estrm plus serum in the same amounts and 
from rats of the same kind as the mjected ammals and the third 
with estrm plus the serum from the mjected animals Those given 
serum received one-third the total amount at the same tune they re- 
ceived the estrm, one-third 12 hours later and the remainder 24 
hours after the first mjection. The serum given represented ap- 
proximately the total amount obtamed from one donor rat and 
varied between 3 and 4 cc. The estnn was given m oil subcutan- 
eously and the serum mtrapentoneally All rats were given 2 Cow- 
ard-Bum rat umts of estnn (One Coward-Bum rat umt repre- 


table I. 


No ofEata 
Injected 




ilatenal Injected % m Estrua 

50 

2 E.ir 

Estrm onlT 




88 

10 

2 

S3 

33 

dIus serum 

from non injected Tnalp?^ 

80 

10 

2 

ts 

11 

11 

1 1 

1 3 

males mjected for 1 mo 

100 

10 

f> 

f f 

33 

3 1 

ft 

3 3 

’> ’• ” 2 mo 

90 

10 

2 

3 3 

3 1 

1 3 

1 1 

33 

non ovariectonuzed, non injected 
females 

90 

10 

2 

3 3 

33 

3 3 

1 1 

3 3 

non-ovariectomized females in 
jectcd for 1 mo 

80 

10 

2 

13 

11 

11 

1 1 

3 t 

non ovariectomized females in 
jected for 2 mo 

SO 

10 

2 

3 1 

3 1 

1 1 

1 3 

33 

ovariectomized, non injected 
females 

80 

10 

2 

3 3 

3 1 

t 3 

13 

3 3 

ovariectomized females injected 
for 1 mo 

90 

10 

2 

1 3 

11 

1 3 

3 3 

3 t 

ovanectoDuied femalea injected 
for 2 mo 
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When samples of corpuscles m acacia solutions are examinevl 
microscopicall} , it is noted that rouleaux tomiation is slow and the 
clumps small m the 1% solution, rapid with large clumps m the 
10% solution 

Summary The tactors responsible for alterations m the sus- 
pension stabilit} of erythrocytes is independent of the corpuscles 
Solutions of gum acacia reduce the suspension stability of the blood 
A solution of 3 or 4% of acacia is the minimal amount that will 
produce the maximal instability of eryUihrocyte sedimentation The 
rapidity of formation and the size of agglutinated erythrocyte 
masses progresses parallel to tlie increase m concentration of acacia 
in solution The curve of sedimentation for rapidly sedimenting 
bloods IS not a rectilinear function 
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No Anti-Hormones Agamst Elstnn 

PIlED E D'AMODB, OILUOiOTTE DUMONT and E. G OUSTAVSON 
Fram (he Scscarch Lahoratories, University of Denver 


In 1934, Colhp indicated tliat there may' exist anti-hor- 
mones, or substances produced as a result of continued hormone in- 
jection which tend to counteract the effect of tlie hormone In tlie 
preparations which he used, however, the possibility of protein be- 
ing present could not, with absolute certainty, be excluded The 
so-called anti-hormone might then possibly have been an antibody, 
although evidence opposmg this belief was presented 

It seemed to us desirable to investigate the possibility of anti- 
hormone production against estnn since we would here be dealing 
with a substance certainly not a protem, and also because we found 
in earlier work' that continued estrin admimstration did not cause a 
continued mcrease in size of the uterus, but rather the reverse, which 
might conceivably be explained on the basis of anti-hormone pro- 
duction 

Two series of experiments were performed In the first, 3 groups 
of 10 rats each were used, one group normal, mature females, the 

* Thu inveatigation waa supported in part by a grant from the National Ee- 
search Council, Committee on Problems of Sex. 

1 Spencer, Jack, D 'Amour, Fred E, Guataveon, B. Q, Am J Anat , 193S, 50, 
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Poor results were obtained with the following extra lard, liver 
or egg fat, the unsaponifiable fractions of liver or egg fat, lecithin, 
and extra wheat germ oil 


7612 C 

Spontaneous Activity, Direct and Indirect Measures of Sexual 
Drive m Adult Male Rats 

CALVIN P STONE and EOGEB G BAEKEE. 

From the Psychological Laioratoryf Stanford University 


Numerous experiments'*"® have demonstrated a sigmficant rela- 
tionship between the level of spontaneous activity m male rats, 
as measured by revolving drums, and the presence or the absence 
of the testes Castration is followed by a marked decrease m spon- 
taneous activity Although the reduction is somewhat less stnkmg 
when castration is performed on infantile males than when it is 
performed on fully developed males,® there is at either age a decline 
in spontaneous activity that may be ascribed to the loss of gonadal 
secretions 

A clear relationship has also been shovra to exist between copu- 
latory behavior and the presence or absence of the testes Young 
male rats castrated prior to puberty seldom if ever copulate or dis- 
plaj aggressive sexual behavior toward receptive females, further- 
more, adult males, although copulating for some weeks or even 
months after castration,® soon show a measurable reduction in sex- 
ual drive as measured either by direct tests of copulatory frequency 
or by obstruction tests ® These facts mdicate that reduction m 
spontaneous activity and reduction in quantitative expressions of 
sexual V igor go hand in hand in castrated males when the latter are 
compared with normal males They also suggest the possibility of 
using the revolving drum techmque to study sexual drive in normal 


1 HoakiM, E. G , Am J Physiol , 1925, 7J2, 324. 

*Wang, G H., Bichter, C P , and Gnttmacher, A P, Am J Physiol, 1925, 
73, 581 

3 Eichter, C P , and Wialocla, G , Am J Physiol , 1928, 80, 051 
■* Slonaker, J E., Am J Physiol , 1930, 03, 307 
= Eichter, C P, Quart Sev Biol, 1927, 2, 307 
• Eichter, C P , Endocrinology, 1933, 17, 445 
1 Stone, C P, A Comp Psychol, 1927, 7, 369 
® Niisen, H. W , Genet Psychol Monog , 1929, 5, 45L 
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Dietary Principles and Lactation 


sents the amount of estnn necessary to bring 50 out of 100 rats into 
estrus ) 

Table I shows the results obtained 

Conclusions We conclude that the results obtained according to 
the method used do not indicate the formation of any anti-hormone 
against estnn 


7611 P 

Effect of Vanoua Dietary Principles on Lactation m Rats 

E. Q DAQG3 (Introduced by J B. ilnrlm ) 

From the Department of Vital Economics, Vniversity of Bochester, Sochester, N Y 

It has been known for some time that milk production can be 
materially increased by dietary treatment This increase was first 
accomplished by increasing the protein content of the diet, then 
later by using good quality animal proteins such as liver The vita- 
mins, especially the B complex, are of considerable importance as 
well 

In the present study the growth of approximately 350 litters of 
suckling rats was used as a criterion of milk production Only the 
growth penod from the fourth to the seventeenth day of life was 
considered The logarithmic functions of the daily weight of lit- 
ters of 6 were plotted against time The slopes of the resultant 
curves were compared, and expressed as lactation indices 

The basal diet of the lactatmg rats consisted of casein, IS parts, 
salt mixture, 5, agar agar, 2, starch, 76, lard, 14, wheat germ oil, 

5 drops per day , cod liver oil, 6 drops per day , and irradiated yeast 
3 gm per day To this basal ration were added daily supplements 
of various fractions of liver or egg When dried substances such as 
ammo acids were used they were mcorporatcd in the basal ration re- 
placing part of the casein 

The lactation promoting factor was found to be present in con- 
siderable amounts in the following liver, egg, water extract of 
autolysed liver or egg, 25% level of casein, Witte’s peptone, blood 
fibrin cystine The best results were obtained when one part of 
cystine replaced one part of casein in the basal ration This is a 
rather low protein diet for a rat, especially a lactatmg rat, and the 
results suggest that cystine plays a specific role in stimulating milk 
production either as such or as a constituent of glutathione which in 
turn may influence the production of milk 
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Poor results were obtained with the following extra lard, liver 
or egg fat, the unsaponifiable fractions of liver or egg fat, leathin, 
and extra wheat germ oil 


7612 C 

Spontaneous Activity, Direct and Indirect Measures of Sexual 
Drive m Adult Male Rats 

OALVTN P STONE akd BOGEB G BABKEB 
From the Psychological Laboratory, Stanford University 

Numerous experiments'^'’ have demonstrated a significant rela- 
tionship between the level of spontaneous activity in male rats, 
as measured by revolving drums, and the presence or the absence 
of the testes Castration is followed by a marked decrease in spon- 
taneous activity Although the reduction is somewhat less striking 
when castration is performed on infantile males than when it is 
performed on fully de\ eloped males,® there is at either age a decline 
in spontaneous activity that may be ascribed to the loss of gonadal 
secretions 

A clear relationship has also been shoivn to exist between copu- 
latory behavior and the presence or absence of the testes Young 
male rats castrated prior to puberty seldom if ever copulate or dis- 
play aggressive sexual behavior toward receptive females , further- 
more adult males, although copulating for some weeks or even 
months after castration,'' soon show a measurable reduction in sex- 
ual drive as measured either by direct tests of copulatory frequency 
or by obstruction tests® These facts indicate that reduction in 
spontaneous activity and reduction in quantitative expressions of 
sexual vigor go hand in hand in castrated males when the latter are 
compared witli normal males They also suggest the possibility of 
using the revolving drum technique to study sexual drive m normal 

1 Hoskms, B G , Am J Physiol , 1925, 72, SSt. 

2 Wang, G H , Bichter, C P , and Guttmaelier, A. E , Am J Physiol , 1925, 
73, 581 

SHichter, C P , and Wislocki, G, Am J Physiol, 1923, 86, 051 

iSlonaker, J B, Am J Physiol , 1930, 93, 307 

SBichter, C P, Quart Bcv Biol, 1927,2, 307 

“Bieliter, C P, Endocrinology 1933, 17, 445 

7 Stone, C P, J Comp Psychol, 1927, 7, 309 

8 Niaaen, H W , Genet Psychol ilonog , 1929, 6, 451 
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seats the amount of estnn necessary to bring 50 out of 100 rats into 
estrus ) 

Table I shows the results obtained 

Conclusions We conclude that the results obtained accordmg to 
the method used do not indicate the formation of any anti-hormone 
agamst estnn 
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Effect of Vanous Dietary Principles on Lactation in RaU 

R. G DAGGS (IntroduMd by J E MuiUn ) 

From the Department of VUaX Fconomice, UniversUy of Bochester, Bochester.N T 

It has been knoivn for some time that milk production can be 
materially increased by dietary treatment This 
accomplished by increasing the protein cont^t of the d^b then 
later by using good quality animal proteins such ^ 
mms, especially the B complex, are of considerable importance as 

'"111 the present study the growth of approximately 350 l^ers of 
II „ oo ticpd as a criterion of milk production Only the 

suckling ra fourth to the seventeenth day of life ivas 

grow h Lct.o„s of fte darly wa.gh. of l.f- 

Tslf fwe"t,os. uore The s.op<s of fhe resuftao. 

curves ““PTlheTatmurnts Snasterof'Lem, IS parts, 
The basa 76, lard, 14. wheat germ o.l, 

salt mLxture, 5 , g » ^ ^ ^ irradiated yeast, 

5 drops per day, supplements 

3 gm per day or egg When dried substances such as 

alraTds -ru^ed they were incorporated in the basal ration re- 
placing part of the factor was found to be present m con- 

The lactahon I*''"'. =88. water extract of 

srderable aoioonts m th= ‘o. casein, Witte’s peptone, blood 

autolysed liver (gsults were obtained when one part of 

fibrin, cystine T -phig js a 

cjstme replaced on p especially a lactating rat, and the 

'rSSl°4Sra.tst,„e^^^^ 
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The tests* for copulatory frequency were made a few days after 
the males were taken out of the revolving drums Each male was 
tested between the hours of 8 and 11pm in his home cage with one 
highly receptive female The number of copulations and the num- 
ber of ejaculations were recorded dunng each sub-test period The 
total test consisted of 4 sub-tests, each of 15 minutes duration The 
first and second sub-tests came on the same evening with a 20- 
minute pause between tests, the third and fourth sub-tests were 
conducted exactly as the first pair of tests and were administered 
one week later Dunng the mtenm between the first and the second 
pair of tests the males were kept apart from the females 

Tests* with the Columbia Obstruction Apparatus® were begun 
one week after the last of the direct tests for copulatory frequency 
With this techmque of measurmg sexual drive the number of con- 
tacts with the electnfied grid and the number of crossmgs to the 
mcentive compartment are taken as the measures of sexual dnve 
The tests were conducted on 2 nights one week apart Each night’s 
test consisted of 2 sub-tests that were separated by a 5-minute pause 
The sub-tests were of 10 minutes duration and dunng this time the 
male was given complete freedom to cross the grid separatmg the 
entrance compartment and the incentive chamber He was returned 
to the entrance compartment immediately after his amval m the in- 
centive chamber without giving him an opportunity to copulate with 
the female incentive Pnor to the test proper, the males were given 
ample opportumty to famihanze themselves with all parts of the ob- 
struction apparatus, to learn how to manipulate the one-way door 
leading to the mcentive chamber, and to learn that a receptive fe- 
male with which they had been given opportumty to copulate pnor 
to the tests was in the incentive chamber 

As a measure of the spontaneous activity of each male we have 
used the total number of revolutions of the drum made during the 
28-day period m which his records were taken The copulatory 
vigor IS denoted by the total number of intromissions during one 
hour of testmg and by a composite score that was obtained by adding 
to the number of intromissions 10 points for each ejaculation The 
obstruction test records consist of the total number of times the gnd 
was crossed m 40 rmnutes, and of a combined score consisting of 
the number of crossings plus the number of contacts with the gnd 
In Table 1 will be found the raw data of each of the tests As can 
be seen, there is a considerable amount of variation in the scores 

* These tests are descnbed m more detail in a forthcoming paper Stone, C P , 
Tomlin, M I , and Barker, E. 6, J Comp Paychol (m press) 
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aTe:^;.tr::s.epfr/o 

be wholly inadequate when fine Hise ^ ^ &tYen phenomenon may 
usefulness of rev 0 “™?^ '=qu,red The 

animaJs must be determined by special 

Jent=„:S,- 5“- the^relationships he- 

volving drums and their “Lerri^t' ™"! Tj'’”®""' 
ual drive, namely, (1) frequency nf 2 reliable tests of sex- 

with highly receptive feraaL a^d f »» direct tests 

approMmately 5 months old they iwre released in a b*h^ 

with floor space of approaimately 16 square meters ^7 IIZ 

were placed 2 dozen adult females in order thanh t, ^ 

restneted opportunity for sexu?l eonmJss F-i.T®'’' 
non-pregnant females were substituted 7 the preeimnt ™p*°d 
the period of coh^.tatiou which lasted approNimaSTone monS'"® 
Finally the males were transferred as a group to reiving drums 
made available through the courtesy of Prof T R qion.iw/ flu 

Physiology Department Stanford ^iniversi^t; 

m he revolving drums for a total of 5 weeks, one week devoted to 
preliminary adjustment to the new cage situation and 4 weeks de- 
voted to the study of spontaneous activity At the end of each week 
the males were sbfted to different drums in order to distribute at 
random the unmeasured influences of possible adventitious factors 
such as small differences in room temperatures and air currents the 
proximity of sluggish or active animals that might act as sedatives 
or as stimulants to certain individuals, or differences in the inertia 
of the cages themselves So far as we have been able to ascertain 
from published reports by Prof Slonaker, the amount of the ac- 
Uvity of our males appears to be essentially like that of his males of 
similar ages that were allowed to keep the same cage for long 
periods of time 


rjenfans, T N, Warner, h H , and Warden, C J,J Comp Psychol, 1928 
6, 361 

no gj pTtfik Brj J S,, J Physiol, 1026, 77, 603 
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There is no evidence of a significant relation between the number 
of revolutions in the drums and scores upon either the obstruction 
apparatus or the direct test Applying Fisher’s test of the sig- 
nificance of correlation coefficients^ to the correlation between revo- 
lutions and contacts plus crossings, the largest coefficient, it appears 
that there is a probability of 30 in 100 that such a correlation might 
arise by chance in an uncorrelated population Obviously no sig- 
nificance can be attached to a coefficient with such a low reliability 

In contrast to this finding, there is clear evidence of some com- 
munity of function between the direct copulatory and the obstruc- 
tion test scores 

The reliability of the scores denoting spontaneous activity has 
been determined for the present data by correlating the sums of 
revolutions on the odd with the sums of revolutions on the even 
days of the total test This correlation is 80 and becomes 88 when 
the Spearman-Brown formula is used to obtain an estimate of the 
rehability of the total test “ Previously we have found that the re- 
habilities of the direct copulatory tests and the obstruction test are, 
respectively, 91 and 89 In view of the reliability of each of these 
tests, we may assume that the failure to obtain significant correla- 
tions between the revolving drum scores and the other tests cannot 
be ascribed to errors of measurement of the tests 

In conclusion, then, we find no reliable evidence that tliere is a 
true relation between the revolving drum activity of normal adult 
male rats and the best estimates of sexual aggressiveness now avail- 
able As experiments with castrates suggest, however, a relatively 
low correlation might be found if exceedingly large differences in 
sexual drive existed among the ammals being studied 

11 Fisher, E A, Stattstical Methods for Besearch Worlers, 3d ed., Edinburgh 
Oliver and Boyd, 1930, xiii4-283 

12 Kelley, T L, Statistical Method, New York MncnuUaa, 1923, n-f-390 
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TABLE I 

Eccords of Each Male in the Eevolvjng Drum, upon the Teat of Copolatory Fre- 
quency, and upon the Obstruction Test 
Column 2, total numbers of revolutions for the 28 day period, Column 3, total 
numbers of intromissions in d copulatory sub-teats lasting 1 hour, Column 4, 
composite score obtained by adding to total number of intromissions 10 points for 
each ejaculation, Colnmiia 6 and 6, respectively, total numbers of crossings of 
the electrified grid and sums of crossings and contacts with grid of the obstme 
tion apparatus m 4 sub tests which lasted 40 minutes 


Drum 

Animal Bevolutions No of 
No (in 1000 's) Copulations 


1 

10 

74 


201 

82 

3 

119 

62 

4 

109 

SO 

5 

114 

89 

6 

141 

34 

7 

17 

77 

8 

111 

62 

9 

168 

46 

10 

25 

0 

11 

158 

60 

12 

73 

63 

13 

198 

64 

14 

49 

103 

15 

25 

18 

16 

215 

66 

17 

29 

45 

18 

233 

52 

19 

48 

53 

20 

80 

50 

21 

93 

30 

22 

94 

67 

23 

91 

50 

24 

24 

55 

Mean 

10L26 

57 50 

SD 

66 26 

21 60 


No of cop 
ulatioDS-}- 

10(No ejac.) 

No of 
Crossings 

CroBSUigB 
-f Contacts 

144 

23 

01 

122 

160 

192 

92 

110 

166 

140 

123 

173 

149 

179 

193 

44 

113 

174 

147 

97 

138 

122 

182 

202 

66 

59 

118 

0 

8 

9 

110 

144 

203 

93 

136 

203 

104 

74 

94 

183 

148 

156 

18 

10 

20 

126 

55 

145 

45 

6 

20 

82 

85 

133 

113 

291 

300 

120 

228 

252 

30 

29 

38 

137 

83 

100 

70 

177 

187 

145 

127 

152 

101 67 

110 42 

144 17 

45 72 

7144 

73 42 


from ammctl to animal, but there is little tendency for the values 
from the different tests to vary together This latter point can be 
verified by inspecting the correlation coefHaents of Table II In 

TABLE n 

Product Moment Correlations. 



Crossings 

Contacts -J- 
Crossings 

Copulations 

Copnlatioiis 

10 (No ejac.) 

Eevolutiona in drum 
Crossings 

Contacts -h crossmgs 

084 

269 

177 

402 

032 

539 


this table will be found the product-moment correlations between 
the total numbers of revoluUons made m the drums, and scores upon 
h ther tests here, also, will be found the correlations between the 
scores made on the’ copulation and obstruction tests 
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TABLE XL 

Average Blood Carotene and Cholesteiols in Diabefaca 

Aver Upper Lunit Lower Lunit Diet 


O O o 


o 


a 


a 

tN 


a 





s 

± 3:2 

U) 

3 

a « 

S tn 

a tc 

2 td 

e to 

2 to 


o 

*-• a 

— 

CS c 

3 2 0 

< 

CQ 

O S 

o s 

O 5 

O S 

O 3 

O S 

O 

P, Ei 

Ph & 

PtH& 

47 

M 

318 

272 

338 

308 

.284 

232 

250 

65 

85 

30 

45 

M 

.216 

204. 

230 

223 

B03 

194 

200 

75 

85 

30 

48 

M 

337 

211 

351 

229 

311 

194. 

250 

75 

85 

75 

40 

M 

.207 

241 

218 

250 

203 

227 

180 

65 

85 

15 

65 

M 

337 

25L 

378 

294. 

257 

222 

ISO 

75 

85 

none 

49 

11 

277 

178 

a24 

225 

230 

156 

220 

65 

85 

8 

30 

P 

212 

214. 

AI30 

227 

203 

200 

200 

70 

83 

50 

34 

P 

131 

189 

149 

217 

108 

16L 

280 

73 

83 

15 

18 

M 

220 

218 

230 

263 

R16 

176 

200 

65 

85 

60 

64 

P 

135 

250 

A62 

296 

108 

200 

220 

63 

83 

8 

62 

P 

090 

217 

094 

253 

081 

194. 

150 

63 

70 

none 

61 

P 

205 

302 

.256 

378 

136 

264. 

200 

63 

85 

ft 

30 

M 

284 

235 

a37 

312 

.216 

200 

160 

60 

90 

28 

63 

M 

346 

196 

378 

221 

.294 

181 

165 

62 

108 

none 

66 

P 

302 

323 

351 

347 

.243 

301 

150 

52 

62 

ff 

60 

M 

176 

166 

.203 

222 

148 

143 

200 

60 

87 

22 

53 

M 

144 

222 

162 

243 

108 

208 

143 

60 

90 

none 

49 

P 

482 

269 

750 

329 

335 

219 

174 

83 

83 

X2 

22 

M 

.284 

290 

.297 

306 

.270 

258 

246 

65 

85 

40 


serum carotene to be 0 109 mg % with a standard deviation of 
±0104 The limits then would be 0213 mg % and 0 005 mg 5^ 
All of our observations fell withm these hmits so that the figures 
may be considered sigmficant In the diabetics the average fasting 
serum carotene was 0 262 mg % with a standard deviation of 
± 112 The hmits are then 0 374 and 0 150 rag % Seventy-four 
percent of the figures fall within the average ± the standard devia- 
tion Nmety-five percent fall within twice and 99 % withm 3 times 
the standard deviation. 

It is clear from these observations that the fastmg blood carotene 
IS higher m diabetics than in normals The average of the diabetics 
bemg 0 262 mg % as compared to 0 109 mg % for the normals 
The average cholesterol in the normals was 178 mg % as compared 
to 233 mg % in the diabetics 


» Dram, H. L., Physiol Eev , 1929, 19, 375 
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Fasting Blood Carotene Level in Normal and Diabetic Individuals. 

HABOLD BEAKDiVIiEONE AiD BLAINE P BALL! 

From the Department of Jfetficinc, University and Bellevue Sospitdl Medical 
College and the Third fNew ¥ort University j Medical Division, Bellevue Bospital 


In the course of a studj on the effect of the oral administration 
of carotene on the blood carotene of normal and diabetic individ- 
uals, we investigated the fasting blood carotene level m these 2 
groups The number of figures available on this subject are still 
somew'hat limited, and are mostly single observations taken at 
random ^ ^ Rabinowitch^ in a study of carotmemia m diabetes 

does not report the figures for blood carotene as mg % but m 
units, so that the actual figures are difficult to compare witli those 
of other observers 

The diabetic patients studied were on a known diet of carbohy- 
drate, protein and fat The normals were on a mixed diet from 
which carrots were omitted, as was the case m the diabetic diets 
Fasting bloods were taken The serum carotene tvas estimated by 
the method of White and Gordon’ and is reported in mg % Blood 
cholesterols were done fay the Bloor colorimetric method ’ Nme nor- 
mals were observed (Table I) and 19 diabetics (Table II) At least 3 
determinations were done on each patient In all, 35 observations 
were made on normals and S3 on diabetics The results on the nor- 
mals analyzed accordmg to Dunn® show the average fasting normal 

TABLE I 

Average Bloo d Carotepe npd Cboleaterol in Normals. 

Average Upper Unut Lower Limit 


Age 

Sei 

Carotene 
mg % 

50 

M 

123 

45 

M 

077 

48 

il 

122 

44 


108 

22 

ai 

136 

34 

M 

054 

22 

M 

113 

28 

M 

148 

22 

M 

153 


ChoL Carotene 
mg % mg % 


158 

122 

176 

081 

190 

122 

163 

108 

172 

122 

105 

054 

176 

136 

172 

162 

161 

176 


Choi Carotene Choi 
mg % mg % mg % 


172 

122 

148 

192 

068 

164. 

217 

122 

176 

227 

108 

145 

179 

095 

167 

180 

054 

152 

208 

108 

166 

192 

122 

161 

217 

122 

122 


Cftem, 1928, 77, 619 

* White P B Gordon, B M , J Bab and Clin Med , 1931 32, 17, 53 
3 Stone;! yf G , Am J Med Sc . 1928, 175, 32 
^Habmowrtch. L M., Arch Int Med, 1930, 45, 586 

W e! Pelkan, J P, and AUen, D M , J Biol Chem., 1922, 63 191 
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water) They were weighed before immersion and after intervals 
of 3, 6, 10, 15, 25, 40, and 60 mmutes on a torsion balance, which 
allows ver)”^ rapid weighing There is little point m contmuing ob- 
servations beyond about 60 minutes, for the swellmg curves become 
veiy irregular 

The average results for 40 muscles from 20 adrenalectomised 
animals and for 40 muscles from 20 controls are shown in Table I 


TABLE L 





% gam m weight 



3 

6 

10' 

15' 

25 

40' 

60' 

Normals 

106 1 

109 1 

UL8 

114.7 

118 3 

122 8 

1271 

Adrenalectomised 

104.1 

106 9 

109a 

1121 

114.9 

118 4 

122 3 

Difference 

20 

2.2 

27 

2 6 

34 

4.4 

4.8 

SJE ol daHerence 

0 57 

0 68 

0 87 

lao 

1 28 

L37 

L43 


The table shows that the muscles of the adrenalectomised rats 
take in water at a slower rate than do those of the control ammals, 
a conclusion which is exactly the opposite from that of Wmter and 
Hartman Wmter and Hartman do not give figures to show that 
the differences m swellmg rate which they observed (in the opposite 
direction) were statistically sigmficant, but there is no doubt about 
the differences shown above If differences m the form of the 
swelling curves obtained m experiments such as these are to be 
taken as mdicatmg differences m permeabihty, our conclusion would 
have to be that the muscles of adrenalectonused animals are less 
permeable to water than those of normal ammals. there are, how- 
ever, several reasons for attnbuting the differences to other than 
permeabihty changes 

1 Throughout the experiments we observed that heavier 
muscles tended to swell less rapidly than lighter ones, even when 
the swelhng was expressed m each case as a percentage of the mitial 
weight This is to be expected on the grounds that the heavier 
muscles have a smaller surface/volume ratio It so happened that 
our control muscles were somewhat lighter on the average than the 
muscles from the adrenalectomised animals, and this difference m 
weight IS probably partly responsible for the slower swellmg of the 
latter 

2 When muscles of equal weight from normal and adrenal- 
ectomised animals were compared, the rate of swellmg of the con- 
trol muscles was again found to be greater than that for the muscles 
from the adrenalectomised rats, although the differences uere 
smaller than before Taken individually, indeed, (as m the table 
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Swelling of the Muscles of Adrenalectomised Rats * 


BEIG PONDEB and EOBEET GAtTNT 

From the Biological TjOboratoTy^ Cold Spring Sarhorf aiiC The Department of 
Biology, College of Charleston, S C 

Following a suggestion of Viale and Bruno/ that the changes m 
water content of the tissues of adrenalectomised animals may be 
due to an increase m permeability. Winter and Hartman- carried 
out experiments on the swelling and shrinking of muscles from 
normal and adrenalectomised rats in balanced salt solutions of vari- 
ous strengths They conclude that water enters or leaves muscles 
from adrenalectomised animals more readily than it leaves or enters 
normal muscles, and regard this as evidence of an increased permea- 
bility following the adrenalectomy Since a hormonal control of 
tissue permeability, if demonstrated, would be of extreme import- 
ance in general physiology, we have attempted to reproduce Wmter 
and Hartman’s results 

The metliod used was essentially that of Winter and Hartman, 
except that we confined ourselves to determimng the course of the 
swelling curves of muscles in a hypotonic solution, instead of in- 
vestigating shnnkmg curves in hypertonic solutions as well The 
latter are notoriously irregular, and are not suitable for analysis 
The rats used were adrenalectomised at 30 days of age, and m all 
but a few cases were killed in the temunal stages of adrenal insuf- 
ficiency, as indicated by a fall m weight and body temperature, 
asthema and oftentimes prostration. In a few cases the rats were 
kdled m slightly earlier stages of adrenal insufficiency The ammals 
survived from 3 to 32 days after the operation, the average tune 
of survival being 9 days. The average weight at the time they were 
killed was 63 gm The control rats were from the same stock, and 
as nearly as possible of the same age. 

The animals were killed by a blow on the head, and both gas- 
trocnemii dissected out entire The muscles were immersed m the 
Locke’s solution described by Wmter and Hartman (pH = 7 3), 
diluted so as to be hypotonic (70 parts solution plus 30 parts of 

, ,ire mdebted to Mr C E Tobm for assistance in the preparation of 

““T?Lle G and Bruno, A., Compt Rend Soo de Biol, 1927, 07, 261. 

sWintU C A, and Hartman, P A, Paoo Soc. Exp Biol, and Ued, 1933, 

31, 207 
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water) They were weighed before immersion and after mtervals 
of 3, 6, 10, 15, 25, 40, and 60 mmutes on a torsion balance, which 
allows very rapid weighing There is little point m contmumg ob- 
servations beyond about 60 minutes, for the swellmg curves become 
very irregular 

The average results for 40 muscles from 20 adrenalectomised 
animals and for 40 muscles from 20 controls are shown m Table I 


TABUS I. 





% gam m weight 




3' 

6' 

10' 

15’ 

25 

40' 

60' 

Normals 

1081 


111.8 

1147 

U8S 

122 8 

1271 

Adrenal ectomiaed 

1041 


1091 

112 1 

1149 

118 4 

122 3 

l^itference 


2.2 

27 

26 

34 

44 

48 

of difference 

0 57 


0 87 

110 

1 28 

137 

143 


The table shows that the muscles of the adrenalectonused rats 
take in water at a slower rate than do those of the control ammals, 
a conclusion which is exactly the opposite from that of Winter and 
Hartman Wmter and Hartman do not give figures to show that 
the differences m swelhng rate which they observed (m the opposite 
direction) were statistically sigmficant, but there is no doubt about 
the differences shown above If differences m the form of the 
swellmg curves obtained m expenments such as these are to be 
taken as mdicating differences m permeability, our conclusion would 
have to be that the muscles of adrencdectomised axiizmds are less 
permeable to water than those of normal ammals there are, how- 
ever, several reasons for attributing the differences to other than 
permeabihty changes 

1 Throughout the experiments we observed that heavier 
muscles tended to swell less rapidly than hghter ones, even when 
the swellmg was expressed m each case as a percentage of the imtial 
weight. This is to be expected on the grounds that the heavier 
muscles have a smaller surface/volume ratio It so happened that 
our control muscles were somewhat hghter on the average than the 
muscles from the adrenalectomised ammals, and this difference m 
weight is probably partly responsible for the slower swellmg of the 
latter 

2 \Vhen muscles of equal weight from normal and adrenal- 
ectomised animals were compared, the rate of swellmg of the con- 
trol muscles ivas agam found to be greater than that for the muscles 
from the adrenalectomised rats, although the differences were 
smaller than before Taken individually, indeed, (as in the table 
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above) only one such difference exceeded twice its standard error, 
but all the differences were in the same direction, and the odds 
against this occurring by pure chance are enormous A simple ex- 
planation exists, however, for this greater rate of swelling in the 
case of tlie controls, for the muscles from the control animals con- 
tained a smaller percentage of water than those of the operated 
animals If we suppose that the initial tonicity of the control 
muscles was higher than that of the muscles of the adrenalectomised 
animals, the former would be expected to swell more rapidly than 
the latter m any given hypotonic solution The average water con- 
tent of our control muscles was 766%, and that of our muscles 
from the operated animals 78 3% , this difference is about of the 
right order, if reflected in a tonicity change, to account for the 
different swelling rates observed 

3 While these are the average results for all the muscles used, 
the swelling cun'es of individual muscles vary so much that we 
are very doubtful if this type of experiment can be relied upon to 
supply information regarding permeabilitj of tissues For instance, 
the muscles of the right and left legs of the same animal do not 
always show the same swelling curve, even when the 2 muscles 
are of the same initial weight, and we have met with as great dif- 
ferences between the behavior of the paired muscles as between the 
behavior of normal muscles and those from the adrenalectomised 
animals 

Finally, it ought to be pointed out that an increase in the permea- 
bility of the tissues to water, and this alone, could not account for 
the increased water content of the tissues after adrenalectomy The 
water content is determined, not by the rate of entry of water, but 
by those conditions which control the final equilibnum, and these 
might well change without any alteration in permeability being in- 
volved 

Conclusions The conclusion of Winter and Hartman, that adren- 
alectomy in the rat is followed by an increase in the rate at Avhich 
water enters the muscles, i c , by an increase in penneabihty, is not 
confirmed The observation that the muscles of the operated am- 
mals contain a greater percentage of water is confirmed It is point- 
ed out that an mcrease m permeability to water, even if it were to 
exist, would not account for the increased water content 
r;^rtaiiui, F A., Brownell, K. A , and Lockwood, J E , Endoonnology, 1932, 


16, 521 

4 8ilvette, H., 

5 Hartman, P 


and Britton, S 
A., AnnaU Int 


•W, Am J Phymol , 1933, 104, 399 
Med , 1933, 7, 6 
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Elffect of Feeding Thyroid on Anterior Hypophysis of the Female 

Albmo Rat * 


MAET CAMPBELL, J M "WOLPE and DOSIS PHELPS 

From the Departments of Anatomy and Gynecology, VanderiUt University School 
of Medicine, Nashville, Tenn 


It has been reported that feeding thyroid to rats increases the 
gonad-stimulating complex of the anterior hypophysis ^ ' In an 
attempt to obtain a morphologic basis for this increased physiologic 
effect, we have studied serial sections of the antenor pituitaries of 
28 female rats which were fed varymg amounts (250 to 1,000 mg ) 
of thyroid daily for periods of 30 to 71 days Twelve of these rats 
were placed on experiment when immature, the others were fully 
mature when thyroid feeding was imtiated Confirmmg studies of 
other investigators,® ® * it was found that feeding thyroid in suffi- 
cient amounts suppressed the oestral cycle resultmg in prolonged 
penods of dioestrus However, it was also found that by varymg 
the dosage of thyroid the oestral cycle could be regulated almost at 
will In rats receiving the smaller amounts, the oestral cycles were 
usually regular, occasionally interspersed with cycles the length of 
pseudo-pregnant cycles Weichert and Boyd° consider that such 
cycles represent a true lutein phase Larger dosage resulted in 
prolonged periods of dioestrus, ranging up to 40 days In some 
animals, oestrus was suppressed for penods of time ranging up to 
72 days, which covered the entire period of observation. The heavier 
thyroid dosages fed in these experiments were sufficient to decrease 
the gro\vth rate slightly, but never to a marked degree Animals 
receiving smaller dosages exhibited a normal rate of growth 

At autopsy it was found that the weight of the ovaries and the 
pituitaries of those ammals which had exhibited oestral cycles of 
normal or pseudo-pregnant length were normal in appearance and 
weight In those rats m which the oestral cycle had been suppressed 
to a more marked degree, the ovanes were decreased m weight and 

• These studies were aided by grants from the Ck)minittee for Scientific Be 
search of the American Medical Association and the Division of Medical Sciences 
of the Hockofeller Foundation. 

1 Evans, H. M., and Simpson, M. E , Anat Sec , 1930, 45, 215 (Supplement) 

2 Van Horn, H N , Endocrinol., 1933, 17, 152 

3 Beisa, M., and Poreny, 3 , Endolnnologur, 1928, 3, 18L 

* Weichert, C K , Physiol Zool , 1930, 3, 461 

3 Weichert, 0 K., and Boyd, H. W , Anat See , 1933, 58, 55 
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the accessory reproductive organs approached a castrate condition 
In these rats the weight of the pituitary was also decreased Con- 
sidering the group as a whole, the mean pituitary weight was 7 8, 
while that m 69 control females was 10 9 mg 

The pitmtanes were prepared for study by means already de- 
scribed ” The ovaries and accessory organs were fixed in Bourn’s 
fluid and the sections stained with hematoxylin and eosin Serial 
sections of the pituitary and the ovaries were cut Cell counts were 
made on representative sections of the anterior pituitary, a total of 
89,535 cells was counted 

Histologically the ovaries and the accessory organs of those ani- 
mals in which the oestral cycles were moderately to markedly sup- 
pressed exhibited definite changes The ovaries exhibited a normal 
number of follicles, mostly small and moderate in size, but a few 
were as large as those found in the ovaries of late prooestral rats 
However, much follicular atresia was evident which involved most 
of the follicles The large amount of interstitial tissue and the small 
number of corpora lutea were the outstanding characteristics Some 
rats exhibited only one or 2 penods of oestrus, or none at all during 
the 71 days of observation In the ovaries of these animals corpora 
lutea were almost entirely absent, only follicles and interstitial tissue 
being present The uteri and vaginae of these rats approached a 
castrate condition 

Histologically the anterior pituitanes presented certain changes 
which varied from normal to a degree proportional to that m which 
the oestral cycle and the reproductive tract varied from normal The 
basophiles were increased very slightly m percentage, the mean 
level m the experimental rats was 5 3%, while the mean level m 69 
virgin control rats was 4 8% 

The basophiles were consistently different in appearance from 
those found in normal females They were larger and well filled 
with granules, which took a purple-red stain, varying to a brick red 
The granules of basophiles m the anterior pituitanes of normal fe- 
males take a deep blue stain and often are so closely packed that they 
give the impression of a dense blue cytoplasm It is important to 
emphasize that the basophiles in the anterior pituitanes of the thy- 
roid-fed rats were packed full of granules, while in normal rats 
these cells exhibit varying degrees of granular depletion The 
changes m the basophiles described above were remarkably con- 
stant and were most marked in rats m which the oestral cycle had 

been most markedly suppr essed 

— , and Wolfe, J M , - W3S, 51, 409 
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In 8 rats which exhibited normal oestral cycles of 5 or 6 days in 
length, or cycles of pseudopregnant length, the level of the eosino- 
philes ranged from 30 to 40%, which is the normal level (the mean 
level of these cells in 69 controls was 33 6%, with a standard devia- 
tion of 4 5) The remaimng 20 experimental rats exhibited varying 
degrees of suppression of the oestral cycle In the anterior pitm- 
tanes of these rats the level of the eosinophiles ranged from 24 1 to 
28% , such a low level is found only occasionally m normal females 
It IS known from the work of the investigators mentioned above 
that the capacity of the antenor hypophysis to increase the size of 
the ovaries of immature test animals is mcreased by thyroid feed- 
ing Our morphologic studies would indicate that there were defi- 
nite structural changes in the antenor pitiutanes of such rats , most 
notable was some mcrease m size and definite increase in granular 
content and change in appearance of the basophilic elements 
Changes m the eosinophiles were less constant and where such 
changes did occur, they were m the nature of a decrease in the per- 
centage of these cells Our data would indicate, therefore, that the 
mcreased capacity of the anterior pituitanes of thyroid-fed rats to 
increase the weight of the ovaries of immature test rats was probably 
due to the changes m the basophiles noted above 
One interesting point should be noted , the basophiles in these am- 
mals are very similar to those found in the anterior pituitanes of 
rats lulled during the last half of pregnancy As pointed out pre- 
viously,^ dunng the first 6 days of pregnancy the basophiles are 
markedly reduced in percentage and granular content, but from the 
7th day to delivery they increase gradually m percentage and size 
and become filled with purple-red granules which vary to bnck-red 
in color The reason for the similarity of the appearance of the 
basophiles in these 2 groups of rats is unknown 
The mechanism by which thyroid feeding disturbs the oestral 
cycle has been discussed fully by Van Horn and Weichert and Boyd 
The view that the mcreased metabolic rate in some way keeps the 
level of oestnn below the threshold for oestrus is upheld by a cer- 
tain amount of evidence presented by these workers and by Reiss 
and Pereny 

Summary Twenty-eight female rats were fed amounts of des- 
iccated thyroid ranging from 250 to 1,000 mg daily The oestral 
cycle was suppressed to varying degrees, dependent on the dosage 
of thyroid The pitmtaries were subnormal in weight. Histolog- 
ically the antenor lobes exhibited certam changes most notable was 
’ AVolfe, J iL, and Cleveland, E , Sec , 1933, 50, 33 




208 Normal Electrocardiographic Variations in Dogs 


a slight increase in the percentage of the basophiles and a definite 
increase in the size and granular content of these cells The gran- 
ules stained a purple-red which varied to a dull brick-red, m normal 
female rats (virgin and killed during the normal oestral cycle) the 
basophiles take a deep blue stain The changes m the basophiles 
were most marked in those anmials in which the suppression of the 
oestral cycle was most evident 
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Variations m Contour of the Records Found in Serial Electro- 
cardiograms of the Dog 

Xj N BLATZ, S SOSBOCN and E. PBISOH. 

From the Department of Physxotogy, Michael Seese Sospital, Chicago* 

In the course of some studies we had occasion to take serial elec- 
trocardiograms on 3 normal dogs twice a week over a period of 4 
months The dogs were trained to he on their right sides while the 
electrocardiograms were taken The limbs were shaved and flannel 
bandages soaked in concentrated saline bound around them Copper 
wire spiral was then applied tightly over the bandage and connected 
with the electrodes The skin resistance was found to be low with 
this procedure (below 1000 ohms) and no polarization was en- 
countered 

The serial records obtained in each dog over the period of 16 
weeks revealed irregular fluctuations in the form of the electro- 
cardiograms These vanations were not progressive, could not be 
related to environmental factors, and varied within the wide limits 
illustrated in Fig 1 These results were obtained in spite of the fact 
that every effort was made to take the successive electrocardiograms 
under identical conditions as regards the position and posture of the 
ammal These normal vanations m the electrocardiogram of the dog 
are probably due to variations in the position^of the heart at dif- 
ferent times The relative mobility of the dog's heart as compared 
to the human is such that it is almost impossible to manoeuver it 
into exactly the same position time after time These effects of 
oosition involve changes m the amplitude and even direction of all 
{r. romplexes of the electrocardiogram, especiaUy the T wave Sim- 

rTTed by the PrSenck K. Babson Eund for Diaeaaeo of ths Heart and 

C5i^tion and the Max Pam Fund for Metobaho Sesearch. 
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I’M 1 

Electxocardiograma ahomng the range of variation observed in a normal dog, 
nnder identical conditions, dnnng a period of 16 weeks These records (seg 
meats A D) are trpical of a large number 


liar variations in the electrocardiogram ot one of these animals were 
obsen'ed when repeated records were made with the animal in the 
normal standing position 

Coiichisioit Repeated electrocardiograms in the normal unan- 
esthetized dog imohing repeated preparation ol the animal for this 
procedure, show sigmficant variations These variations are prob- 
ably accounted for by the relative mobility of the dog’s heart as 
compared to the human, and must be taken into account m the in- 
terpretation of the results of experiments requiring repeated records 
over a period of days 



210 


7617 P 

Behaviour of Isotonic and Hypertonic Solutions in Blood Stream of 
Normal and Dehydrated Animals 

II VltRY A D WIS * (Introdnced by li R Dragatedt ) 
iivni the Department of Snryery, The Umverntty of Chicago 

The mode of regulation of the blood volume remains still an 
unsohed problem in spite ot the efforts of many investigators It 
has been pointed out recentl) that the blood stream does act to some 
extent as a reservoir in the normal animal - This studj was under- 
taken to evaluate the role played by this reservoir action in the regu- 
lation of the blood at a constant volume and the effects of dehydra- 
tion and protein loss The investigation was divided into 2 parts, 
the first dealing with effects produced by isotonic solutions intro- 
duced in large amounts into the blood stream ot normal and dehy- 
drated animals The second part concerns the results produced by 
hypertonic solutions 

Tilt effects of isotoinc soltttwns 

Material used — 10 normal healthy dogs Five dogs were used 
as controls and were allowed free access to water and food Five 
were dehydrated by deprivation of water for a standard period of 
10 days but food was permitted freely 

Method 970-9S0 cc of 0 9% sodium chloride solution or of 5fe> 
glucose solution were injected into the blood stream at a constant 
rate ot 330 cc per 5 mm Five cc ot blood were withdrawn from the 
femoral vein before and immediately after injection and at intervals 
of 15, 60, 180 and 300 minutes The hemoglobin was determined 
by' the New'comer method, the plasma volume by the hematocrit 
method and ery'tlirocyte counts were performed 

Results The blood vascular system does act as a reservoir, the 
blood remaining diluted for a period of 5 hours, at which time it has 
almost returned to its normal state With isotomc glucose solutions 

* Jessie Horton Koessler Fellow m Experimental Surgery 

iBogert, L J, Underhill, F P, and Mendel, L B, Am J Physiol, 1910, il, 

ISO 

= South \ H , and Mendel, L B , Am J Physiol , 1920, 53, 323 

3 Chauu’tin, A., Smith, A H., and Mendel, L B , Am J Physiol , 1924, 08, 4-14 

3 Erlauger, J , Physio? Eev , 1921, 1, 177 

3 Caban, D B , South, A. H , and Mendel, L B , Am J Physiol , 1933, 105 
135 
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the blood dilution shows a progressive diminution to the normal, 
1 e , there is a uniphasic response With isotonic sodium chloride 
solutions, the response is polyphasic, e g , the maximum dilution 
may not be reached until one hour after the injection or the initial 
dilution IS followed by concentration and later by a further dilution 
The blood of the normal animal retains sodium chloride solutions 
better than glucose solutions Dehydration definitely increases the 
ability of the blood to hold both isotonic sodium chloride and iso- 
tonic glucose Animals, which, by repeated bleedings, have been ren- 
dered anemic, as indicated by a definite lowering of the amount of 
hemoglobin in the blood, are unable to hold water in the blood vas- 
cular system even when severely dehydrated In the normal animal 
the changes m blood dilution follow closely the changes in urinarj' 
secretion In dehjdration, ho\\e\er, following an injection, the 
blood dilution continues to dimmish even although no urine is being 
excreted, indicating the passage of fluid into the tissues This stud) 
seems to indicate that the major site of electrolyte action is m the 
extravascular tissues rather than in the blood, and that the blood 
colloids play a greater role than do electrolytes in the maintenance 
of a constant blood volume whereas, in the tissues, water storage 
seems to depend to a greater extent upon electrolyte action 
Effects of hypertontc solutions 

Material — 20 dogs 10 dogs were used as controls and 10 were 

dehydrated 

Method Both femoral \eins or external jugular \eins were ex- 
posed under local anesthesia Morphine hydrochloride was admin- 
istered before each experiment The standard injection was 50 cc 
of 25% sodium chloride solution Fue cc of blood were withdrawn 
from opposite vein before, and at intervals of minute, 3, 7, 10, 15, 
and 30 minutes following injection Hemoglobin determination by 
Newcomer method Red blood cell count and plasma volume by 
hematocrit method 

Results The effect of the injection is instantaneous and results 
in an increase m the volume ot circulating blood This increase 
varies from 15 2% to 38 9% according to hemoglobin dilution 
measurements The volume increase is ot short duration and the 
norm is reached w ithin 20-30 minutes In the deh) drated animal 
the blood volume increase is just as great as in normal animals 
Often the response is even greater m the dehydrated state In dehj- 
dration the return ot the diluted blood to normal is definitely slower 
Repeated hemorrhages leading to a loss ot the cellular and protein 
content of the blood results in a considerable diminution in the re- 
sponse to the standard injection 
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Microscopic Observations on Circulatory Systems of Living Transd- 
lurrunated Mammalian Spleens and Parturient Uten * 

MELVXN” EL KNTSEIjY (Introduced bj W Bloom ) 

From Hull Anafomical Laboratory, The University of Chicago 

A Spleens — The circulatorv sjstem of living spleens of mice, 
rats, and cats, were studied The spleens were exposed through a 
small incision and vigilantly protected from minute temperature 
changes and trauma to preient general vasomotor upsets in the 
organ The spleens were transilluminated, using only the visible 
spectrum, bv means ot the previously described* quartz rod light 
The linings of blood \essels, including sinuses, m living spleens, 
show as clear retractile borders, not to be contused with peripheral 
plasma la^ers ot the blood The-e linings are as continuous in liv- 
ing spleens as in other organs Each \ essel that I traced connected 
to both the arterial and the \enous system, neither open ends nor 
blind ends of icssels were tound I saw" blood pass through the red 
pulp via (1) long straight capillaries, (2) via the venous sinus 
systems and (3) Ma diapedesis, but I ha\e not yet seen other types 
of passage The distribution of blood to \arious areas and sub- 
areas ot the red pulp is actnelv controlled bv coordination of tlie 
action of pow"erfuI sphinctcr-hke segments of branches of the 
arterial tree Venous sinuses ha\e a cvcle of filling, storage and 
emptying During filling the efferent end of the sinus is tightly con- 
tracted, whole blood flow's into the sinus, plasma filters rapidly out 
of the sinus into the partitions which are usually termed pulp cords, 
leaving the sinus distended up to 20 to 50 times its original diameter 
with solidly packed blood cells The retention ot blood cells lasts 
from a few' minutes to se\ eral hours At emptying, the efferent end 
of the sinus relaxes suddenly, the packed blood cells emerge m 
masses, and the sinus decreases m diameter, quickly, until it is but 
2 or 3 times the diameter of a red blood cell and then it conducts 
blood like any other blood vessel The spleens ot digesting animals 
are large because many sinuses are distended with packed cells The 
spleens of exercised or frightened animals are small because most 
of the sinuses are not storing, but conducting, blood Administra- 

• This research iras aided by a grant to The TJmversity of Chicago b? the 
Eockefeller Foundation Tho assiatance and counsel of the members of the Hull 
Anatomical Laboratory have been invaluable In thm work 

I Knisely, hi H., Anat Fee , 1934, 53, 73 
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tion of adrenalin causes the sinuses to empty out their stored blood 
cells 

During the brief death period of an animal there is a rapid 
diapedesis of red cells, out of capillaries, in all directions through 
the red pulp, a disappearance of capillar\ walls, an intense phago- 
cytosis of red cells, by phagocytes, and rouleauA. formation in the 
sinuses and venules Agonal changes m the red pulp during the 3 
to 5 minutes of the death of the animal may possibly explain the 
"open" circulatory system as seen m some histologic sections 

B Partunent uteri — The living uteri of 6 parturient house mice 
(Mus vmsculus) were studied, using lens combinations with mag- 
nifications up to 100 X The animals w’ere opened, under hght 
ether, without blood loss, by a para-midline incision, tlie viscera 
protected carefully from thermal and mechanical trauma, and the 
uteri and adnexa transilluminated with the quartz rod light Each 
of the 2 to 5 branches of the uterine artery supplymg a placental 
site has an especially contractile segment (similar to that in an 
artenovenous anastomosis) located near the entrance of the branch 
into the uterine wall Contraction and relaxation cycles of these 
sphincters control the volume of blood supplied to a placental site 
preceding, during and following parturition At the site of the 
lowest attached foetus brief partial contractions ot the arterial 
sphincters alternate with long relaxations Gradually the duration 
and degree of contraction change until contractions and relaxations 
are equal and each contraction completely obliterates its branch's 
lumen 

The sphincter’s contractions later become long and pow'erful 
W'lth very brief partial relaxations The foetus and foetal side of 
the placenta at this time are cvanotic while the maternal side of 
the placenta and uterine w^all are blanched and nearly bloodless The 
uterine musculature at the level ot the attached placenta (Rudolph 
& I\} )■ begins powerful rhythmical contractions (Smooth muscle 
of the gut also undergoes strong contractions wLen its blood sup- 
ply IS cut off ) During a strong, localtzi.d uterine contraction the 
toetus and placenta break awav and start down the tube, and tlie 
sphincters remain tightly closed, preventing hemorrhage Brief 
partial relaxations prevent blood loss while a clot is formed at the 
placental site The relaxations of the sphincters become longer and 
the contractions shorter until after half an hour when a clot is well 
established the uterus receives a normal blood supplv again 

sKudolph and Ivy, Uni J Ohstet and Gynec , 1930, iO, 317 
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The cycles of adjacent sphincters are out of phase at all times 
so that the uterine musculature frequently gets a little blood through 
each, e\ en during the detaclunent of the foetus and placenta In so 
small an animal the loss of a little blood is serious This mechanism 
consenes blood so well tliat free blood is hardly ever seen in the 
uterine lumen The localictd interruption of the blood supply of the 
uterus at a placental site may be one link in the chain of events 
initiating deliver}' 
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Anterior Pituitariea of Infantile Female Rats Receiving Injections 
of Pregnancy Unne Ehctract * 

J M WOLFE 

From ihe Department of Anatomy, VanderhxU University School of ^edicinef 

XashviUe, Tenn 


Many investigators have demonstrated that injections of preg- 
nane}' urine or human placental extracts into immature (21-day or 
above) female rats result in an increase in the size of the ovaries 
due to follicular maturation and corpus luteum formation However, 
subsequent studies of Selye and Collip’ have revealed that injection 
of such extracts into infantile female rats (6 to 8 days) fails to cause 
follicular maturation and de\elopment of corpora lutea, but does 
result in a marked increase in the size of the thecal cells giving rise 
to thecal corpora lutea 

Colhp and associates' have found that injection of placental ex- 
tracts increases the size of the pituitanes of immature female rats 
(21 days or above) as well as the ovaries We have confirmed these 
results using both extracts of human placentae and pregnancy 
unne Histologically, the pituitanes of these rats exhibited a 

* These studies ivere aided by grants from the Committee for Scientufic Re 
searcli of the Amoncau iledieal Association and from the Dinsion of Medical 
Sciences of the Rockefeller Foundation 

1 Selje, H , and CoUip, J B , Pboc Soc Exp Bion. and Med 1933, 30, 647 
= Colhp, J B, Sehe, H, Thomson, D L, and WiUiamson, J E, Paoc Soc 
Exp Biol, and Med , 1933, 80, 590 

t Pregnancj urine extract, Follutein, was furnished by E R Sqmbb S. Sons 
through the courtesy of Dr J J Durrett 

3 Wolfe, J M , Phelps, D , and Cleveland, R., Psoo Soc Exp Biol, and Med , 

1933, 30, 1093 

1 Wolfe, J M , Bsoc Soc Exp Biol, and Med , 1934, 31, SL. 
sWolfejj M,Am JT P/iysml , in press. 
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marked granular loss from the basophiles and a less e\ident loss of 
granules from the eosinophiles Cell counts re\ealed that the per- 
centages ot the basophdes and eosinophiles were decreased, while 
that ot the chromophobes was increased Since it has been tound 
that injection of pregnancy urine extract bnngs about a markedly 
different o\arian effect in infantile rats (6 to 8 dajs) it seemed ot 
interest to study the anterior pitmtaries ot such rats 

Litters ot female rats 6 days old w'ere used, 2 or 3 animals ot each 
litter ser\ mg as experimental animals, the rest as controls The ex- 
perimental rats receued 25 units ot pregnancj urine extract dailj 
Twentj-tour hours atter the 10th dad} injection one experimental 
and one control animal were autopsied The remaining experimen- 
tal rats recened 10 more dad} injections and, together with their 
controls, were sacrificed on the 27th day ot life, 24 hours alter the 
20th injection Due to the small size or some of the litters, all 
the controls ot this group were not littermates A total ot 64 rats 
was used At autops}, bod}, ovar} and pituitar} weights were 
obtained. The o\anes and accessor} reproductne organs \ ere 
fiNed m Bourn’s fluid and prepared tor study, while the pitmtaries 
were fixed in Regaud's fluid and stained b} methods pre\iously 
described 

The \anous weights are recorded m Table I .\iter 10 daily 
mjections the o\anes or the e ■ciienmental rats \ ere increased to a 
mean weight ot 13 4 mg, v hde that ot the controls v as onl} 6 1 
mg Atter 20 dad} injections the ovaries ot the experimental ani- 
mals V ere increased to a mean \ eight ot 62 4 mg , v hile the mean 
weight ot the ovaries ot the controls v as 17 2 mg These injections 
tailed to increase the v eight ot the pitmtaries of the experimental 
rats over those ot the controls fTable I) This is in direct con- 
trast to the findings ■ hen such injections are carried out in 21-da/ 
rats Histologic examination ot the o' aries ot the experimental 
rats re ealed tnat tc>llicular maturaiic>n and corpus luteum forma- 
tion had not occurred, but there 'as a marked h_.pertropn} of tne 
thecal cells resulting in thecal luteinizatixjn This process as usoalL 
v ell under va_, in the rats killed alter 10 injections ann as marked 
m the rats \ died atter 20 tia}5 

Sena! seci'ons x^r all pituitane^ vere prej/ared lor ::tud^ arxl ceU 
counts maxle r,x,n'>pari-xjn cni tne anteric»r pituita' es of tne exper- 
imental rats, lillexl alter 10 injection-, .itn tnose x,i tr.eir cont'ols, 
re ealed tnat tre level oi tne e/y.inxypndes ^as practically tre -aire 
in the 2 groans ITao'e Ij In tne xontrols tne le-el oi tre eas'>- 
phdes hi/a a great tne cei's e'e al ,itn 
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TABLE I 

Tho quantitative data pertaining to the percentages of the various cell types 
are given in a frequency distribution table Class intervals are given in per 
centage Mean rat, ovary and pituitary weights, as well as number of rats used, 
are giien below 


Class Iiitcnals 

/C 

25 IT FoUntem 
daily — 10 days 

25 U FoUutein 
daily — 20 days 

Control 

Exp 

Control 

Exp 

Eosinophiles 





30 34 0 

1 

3 

9 


35 30 9 

11 

8 

7 


40 44.9 

3 

o 

5 

8 

45 49 9 


3 


4 

Basophiles — Granuiar 





0 19 


10 


12 

2 39 



1 


4 59 

o 


o 


0 79 

0 


i 


8 99 

7 


10 


Basopbiics — ^Noa granular 





0 19 

12 

5 

9 

5 

2 39 

3 

0 

12 

7 

40 59 


5 



Chromophobes 





45 49 9 


1 

3 


50 542) 

C 

4 

7 


55 59 9 

9 

3 

11 

4 

CO 042) 


8 


8 

Total Hats per Group 

15 

16 

21 

12 

Mean Bat Wt (gm.) 

29 I 

28 0 

50 2 

54.2 

Mean Ovary Wt (mg ) 

01 

13 4 

17 2 

02 4 

Mean Bituitary Wt (mg) 

190 

106 

24 

26 


granules, while in the experimental rats the percentage of the baso- 
philes was markedly decreased and those present were regressive and 
contained few if any granules The chromophobes were slightly more 
abundant in the experimental rats The quantitative data are given 
in Table I 

Comparison of the anterior pituitanes of the experimental rats, 
killed after 20 injections, with those of their controls shows that m 
the experimental animals the level of the basophiles was still very 
low and those present were practically devoid of granules On the 
other hand, the level of these cells m the controls was much higher 
and a majority were well filled with granules However, of greater 
interest was the high level of the eosinophiles in the injected animals 
of this group, which in every instance was above 40% This was a 
moderate but a w'dl defined increase over the level usually found m 
the controls (Table I) The eosinophiles m the anterior pituitanes 
of the controls and expenmentals were morphologically similar, al- 
thou<^h in some of the experimental rats they were slightly larger 
and tlie negative image of the Golgi apparatus was more prominent 
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II. CAEOLHIE HETTBETZ (Introduced by H. B IVoUiaius ) 

From the Department of Physiology, College of Physii ns and Surgeons, Columbia 

Vnitersity 


It has been the custom in this laboratorj' to begin all blood sugar 
experiments on the rat at 9 00 A M This procedure has been adopt- 
ed because it has never been shown whether or not the blood sugar 
level of the rat varies or remains constant throughout the day 
Scott^ has shown that “when other conditions are maintained as 
constant as is practicable, the blood sugar in the rabbit is independent 
of the time of day, at least during the ordinary working hours ” It 
is the purpose of this paper to show the relative blood sugar levels 
of rats throughout the day 

A total of 200 observations were made on 192 normal-fed rats 
The animals were fed ad libitum to the time of removal from their 
cages for bleeding Approximately 50 observations were made at 
each of the following hours 9 00 A M , 12 00 noon, 3 00 P M , 
and 6*00 P M The Somogyi micro-method,’ a modification of 
the Shaffer-Hartmann method,* was used 

The entire expenment w'as completed in 7 days thus reducing the 
probability of interterence of environmental changes or of changes 
m the conditions of the animals This is reflected in the constancy 
of the results as shown by the very small deviations These results 
justify the conclusion that the blood sugar level ot the rat is inde 
pendent of the time of da>, at least during the ordinarj^ working 
hours 


1 Scott, E L , Arch Int iled., 1929, 43, 393 

2 Somogyi, IX , J Biol Chem , 1926, 70, 599 

s Shuaer and Hartmann, J Biol Chem , 1920, 45, 349 
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Epinephrine and the Blood Sugar Level 


M CABOLINE HEUBETZ (Introduced bj H B Williams ) 

From the Department of Physiology, College of Physicians and Surgeons, Columbia 
University, Xew Porf City 


Bang^ presented curves for the blood sugar le\el of rabbits after 
both intravenous and subcutaneous administration of epinephrine 
The rise after intravenous injection was less than lOO^o and reached 
Its maximum in hour, that after subcutaneous injection around 
300% and reached its maximum between the second and third hour 
after injection One-tenth of a milligram w'as administered per 
animal 

In tlie present study, all injections were gr\en subcutaneously 
Abbott’s “adrenalin” was diluted so that 1 cc contained 0 4 mg, 
making the full dose of 0 4 mg per kilo, or, 0 1 mg per 250 gni 
body weight For the %, %, 14 doses corresponding dilutions were 
made The animals used were normal-fed rats We obtain cuixes 
similar to those of Bang except that our maximum rise occurred at 
the iy 2 hour interval after injection This discrepttncy may be 
explained bj our larger number of observations where %ariations of 
individual animals are smoothed out, and also, our smaller dosage 

approximately 50 obseiwations were made at each of the inter- 
vals 5, 15, 30, 45 minutes, 1, 1% 2 and 4 hours after the full dose 
and also after the % dose In addition, 50 observations were made 
at the 30-minute interval tor both and % the full dose Two 
senes of controls of 50 observations each were made, the determina- 
tions of w'hich were dispersed throughout the period of experimenta- 
tion The 0 2 cc Somogju modification' of Ae Shaffer-Hartmann’ 
blood sugar method was used 

There is a steady rise m the blood sugar level until the 1%-hour 
interval is reached the greatest change occurring during the first 
20 minutes After 1% hours the blood sugar level is gradually 
reduced but does not reach the normal level in 4 hours The mean 
deviations are smallest for the shortest intervals (6 to 11 mg for 
5 minutes) and become progressively greater and more vanable 
until the 4-hour interval is reached (17 to 46 mg ) Eadie and 
Madeod^ found it impossible to standardize insulin by the Epine- 

1 Bang, Der Slutsucher, Weiabadcn, 1913, 113 

2 Somogjx, IL, J Biol Chem , 1926, 70, 599 

3 ShaSer, A. P , and Hartmann, A P , J Biol Chem , 1920, -tS, 349 

•1 Eadie, G 8 , and ilncleod, J J fi., Am J Physiol , 1922, -10, -8S 
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phnne Equivalent Method because of the great variability in the 
results However, they took their blood samples at 1 and 2 
hours after the injection, intervals where the mean de\iations are the 
greatest 

The blood sugar level alter %, and the full dose ^ hou** 

after the injection show's a steady rise in the blood sugar until the 
j4-dose IS approached, after which the curve flattens out Appar- 
ently, there is a maximum amount of stimulus to which the system 
wall respond Beyond this point, there is no increase in effects 
The mean deviations varj' from 13 to 29 mg, the smallest deiia- 
tion occurring with the smallest dose 

Summary 1 1000 observations were made at 5, 15, 30, 45 
minutes, 1, IY> 2 and 4 hours after given doses of epinephrine 
2 The blood sugar reaches its highest level in 1 ^4 hours and has not 
returned to normal in 4 hours 3 With doses varying trom Y to 
the full dose, the blood sugar increases proportionate!) with the 
dosage until Y dose where the curve flattens ouL 4 The 
smallest deviations are obtained after the shortest mterv'al alter the 
injection, or, after the smallest dose 
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Perimetry with Stimuh of Minimal Duration 

LEO L MATES (Introduced bv L J Pollock.) 

From the Departments of OphthaUnologUj Venous and Mental DiseasOt and Fx 
penmental Surgery of the Northwestern Vmversity Medical School 

The utility of field defects as outlined bv penmetr) m localizing 
disease along the optic pathvvajs is fully discussed b) Traquair and 
Peter = With the advent ot the McHard)^ selt-registenng perimeter 
and Its electrical test objects a comparison between white and colored 
lights became available 

During the course ot some e-xpenments upon the chronaxia of 
the optic nerves projected by Davis and Pollock, a method ot peri- 
metry with a light stimulus ot very short duration has been devel- 
oped 

I Traqimr, H M., Introduction to Clinical Penmetrc, American edition, St 
Louis, C V Mosbj- Co , 1927 

= Peter, L G, Prmciples and PraeUces of Penmt-trT, 2nd Edition, Phila 
delphia. Lea and Febiger, 1923 

> McHardv, M., Ophth Sev , 1SS2, 1, 107 
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Epmephnne and the Blood Sugar Level 


M CAHOLIXE IIRCBETZ (lutroducod b\ II B Williams ) 

Eroiii the Department of Phpaiology, College of Physicians and Surgeons, Columbia 
University, New Tori City 


Bang’ presented curves for the blood sugar level of rabbits after 
botJi intravenous and subcutaneous administration of epinephrine 
The rise after intravenous injection was less than 100% and reached 
its maximum m hour, that after subcutaneous injection around 
300% and reached its maximum between tlie second and third hour 
after injection One-tenth of a milligram was administered per 
animal 

In the present study, all injections were gi\en subcutaneously 
Abbott’s “adrenalin" w'as diluted so that 1 cc contained 0 4 mg, 
making the full dose of 0 4 mg per kilo, or, 0 1 mg per 250 gm 
body w'eight For the Ya, yA,% doses corresponding dilutions were 
made The animals used were normal-fed rats We obtain curves 
similar to those of Bang except that our maximum rise occurred at 
the 1% hour interval after injection This discrepancy may be 
explained by our larger number of observations where variations of 
individual animals arc smoothed out, and also, our smaller dosage 

Approximately 50 observations w'cre made at each of the inter- 
vals 5, 15, 30, 45 minutes, 1,1% 2 and 4 hours after the full dose 
and also after the % dose In addition, 50 observations were made 
at the 30-mmute interval for both % and % the full dose Two 
senes of controls of 50 observations each were made, the determina- 
tions of w’hich w'ere dispersed throughout the period of experimenta- 
tion The 0 2 cc Somogyi modification” of the Shaffer-Hartmann’ 
blood sugar method w as used 

There is a stead) rise in the blood sugar level until the 1%-hour 
interval is reached, the greatest change occurring during the first 
20 minutes After 1% hours the blood sugar level is gradually 
reduced but does not reach the normal level in 4 hours The mean 
deviations are smallest for the shortest intervals (6 to 11 mg for 
5 minutes) and become progressively greater and more variable 
until the 4-hour interval is reached (17 to 46 mg ) Eadie and 
Macleod’ found it impossible to standard ize insulin by the Epine- 

I Bang, Der Blutsucler, Woisbaden, 1913, 113 

= Somogyi, M , J Biol Chem , 192G, 70, 599 

3 Shaffer, A P , and Hartmann, A P , J Biol Chem., 1920, -15, 319 

1 Eadie, G S , and Mncleod, J J R , Jm J , 1922, -10, 285 
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Twenty cases were m th:s group Host of *e patients iiere epi- 
leptics in whom an organic the flash method more 
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dinar)' perimetric study re\ recorded this temporal field to 

ninetieth meridian, the flas rneticulous studies with the 

only the fiftieth meridian accuracy shown b) the 

Bjerrum method” did not approx patients ot this group will 

flash method Detailed studies ot the 28 patients 

be published later lesions were investigated con- 

Group 4 in which other intracranial lesmns^^^^^^^ 

sists of a heterogeneous group w t the 

standing features of the flash m ^ r^e definiteness ot 

patient was able to determine ^ ^ f^.dmgs m 
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Our immediate problem was to compare the fields obtained by 
using a test object ot varying size and color at infinite duratioii 
with that of a flash of light of a known and standard candle power 
and ^arylng extremely short duration Thus not only energy but 
time was considered a tactor in our work As the peripheral por- 
tion ot the retina is stimulated there is a distinct varying limit to 
the recognition ot light flashes of short duration, the more periph- 
eralwards the stimulus, the longer must be its duration to be per- 
ceived This has been amplj' confirmed by a previous study ^ The 
work of Sheard" would seem to show' that such a minute quantity 
as a quantum of light is enough to stimulate the to\ ea 

The instrument for producing such short flashes consists of a 
small neon bulb w'hich is actuated by condenior discharges through 
the use of "B” batteries Flashes ot the speed of 1/25,000 of a sec- 
ond were produced for tins initial experiment The neon bulb was 
blackened so tliat the light emitted occupied an area comparable to 
the ordinary' 2 mm test object, and the bulb w'as mounted on a hand 
perimeter where it w'ould be freely movable A norm w'as estab- 
lished by recording the averages of 3 determinations on the eyes of 
each of 20 normal individuals As the neon light is red m color it 
was necessary to determine whether the color itself was a factor It 
was definitely shown that the field with the neon lamp did not cor- 
respond with the ordinary field for red 

The cases studied have been grouped as follows (1) Normal 
fields in suspected intracranial disease, (2) Fields m hysteria, (3) 
Fields in pituitary disease (4) Fields m other intra-cranial lesions, 
and (5) Fields in intraocular disease 

In the first group it was shown that the flash field afforded a 
more accurate indication than a form field or at times other localiz- 
ing signs For example in a patient with X-ray evidence of sella 
turcica destruction a normal flash field being found, operation 
failed to rev eal anv pathology interfering with the optic pathways 
Ten cases were included in this group In spite of the fact that 
ordinary perimetry with a white target was suggestive of a charac- 
teristic field defect m these cases, the examination by the flash 
method revealed normal fields Subsequent examination of these 
cases confirmed the findings of the normal flash field 

The outstanding observation in the group of fields in hysteria 
was the tact tliat in no case was a tubular field demonstrated by the 
flash method although ordinary perime try had shown this defect 

4 Mayfir, Xi Ij , Arch Ophth , 1933, 0, 353 
Q Sheard, C , J Physiol Opftcj, 1922, 3, 120 
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Twenty cases were in this group Most of the patients were epi- 
leptics in whom an organic basis was suspected 

In a large group with pituitary disease the flash method more 
cntically emphasized the field defect For example, where the or- 
dinary perimetric study revealed a temporal field including the 
ninetieth meridian, the flash method recorded this temporal field to 
only the fiftieth meridian Even meticulous studies ivith the 
Bjerrum method^ did not approximate the accuracy shown by the 
flash method Detailed studies ot the 28 patients of this group w ill 
be published later 

Group 4 in which other intracranial lesions were investigated con- 
sists of a heterogeneous group with %arious lesions Here the out- 
standing features of the flash method were the ease with w'hich the 
patient was able to determine the critical point, the definiteness ot 
the test target, and certain deviations trom tlie usual findings in 
ordinary' perimetry, such as bizarre configurations of the fields, etc 
Six patients in this group demonstrated the dependability of the 
flash method m comparison wnth ordinary perimetry' Definite and 
characteristic field defects were demonstrable earlier and more accu- 
rately 

Of the last group in which intraocular disease was im estigated, it 
appears that a closer check on the reduction ot the field due to glau- 
coma may be had by this method Also a better method ot prog- 
nosticating m operated cases of detached retina is at hand Only' 
2 cases ot retinal detachment and 2 ot glaucoma are included in this 
group as the study of ocular conditions, per se, has just started 
Many of the patients examined by this method have been oper- 
ated, others have been autopsied, and confirmation ot the flash find- 
ings were made These w ill be reported later 

Conclusions 1 A method is described m which a rapid light 
flash IS made use of as a perimetric target 2 The technique ot the 
examination is simple, neither the obsener nor the patient become 
( fatigued by the procedure and the perception of the flash being 
critical The flash is recognized or it is not seen Field detects are 
> discovered to a degree not detectable by the older, far more pams- 
takmg method, which required greater cooperation and intelligence 
on tlie part of the patient 3 Although a complete interpretation of 
all the findings delineated by this method must await further case 
study and subsequent confirmation by' biopsied and autopsied ma- 
tenals, it appears that the method has certain advantages in local- 
ization of lesions of the optic pathw'ays 

“Bjerrum, Verhundl d X Internal Med Cong, Bcrliu, 1S90, ICb, (II) 
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Our immediate problem \\as to compare the fields obtained by 
using a test object of varying size and color at infinite duratioti 
with that of a flash of light of a known and standard candle power 
and varying extremely short duration Thus not only energy- but 
time was considered a factor in our work As the peripheral por- 
tion of the retina is stimulated there is a distinct vary-ing limit to 
the recognition of light flashes of short duration, the more periph- 
erahvards the stimulus, the longer must be its duration to be per- 
ceived This has been amply confirmed by a previous study ■* The 
work ot Sheard'' would seem to show that such a minute quantity 
as a quantum of light is enough to stimulate the fovea 

The instrument tor producing such short flashes consists ot a 
small neon bulb w hich is activated by condensor discharges through 
the use of “B ’ batteries Flashes of the speed of 1/25,000 of a sec- 
ond were produced for this initial experiment The neon bulb was 
blackened so that the light emitted occupied an area comparable to 
the ordinary' 2 mm test object, and tlie bulb was mounted on a hand 
perimeter where it would be freely movable A norm was estab- 
lished by recording the averages ot 3 determinations on the eyes of 
each ot 20 normal individuals As the neon light is red m color it 
was necessary to determine whether the color itself was a factor It 
was definitely shown that the field with the neon lamp did not cor- 
respond with the ordinary field for red 
The cases studied have been grouped as follows (1) Normal 
fields in suspected intracranial disease, (2) Fields m hysteria, (3) 
Fields in pituitary disease (4-) Fields in other intra-cranial lesions 
and (5) Fields m intraocular disease 

In the first group it was shown that the flash field afforded a 
more accurate indication than a form field or at times other localiz- 
ing signs For example in a patient with X-ray' evidence of sella 
tnrcica destruction a normal flash field being found, operation 
failed to reveal any pathology interfering with the optic pathways 
Ten cases were included in this group In spite of the fact that 
ordinary' perimetry with a white target was suggestive of a charac- 
teristic field defect in these cases, the examination by the flash 
method revealed normal fields Subsequent examination of these 
cases confirmed the findings of the normal flash field 

The outstanding observation in the group of fields m hysteria 
was the fact that m uo case w-as a tubular field demonstrated by the 
flash method alth ough ordinary' perimetry had shown this defect 

■* ATq yprj L Xi j ^TCll OphtJi , 1933/ 0, 353 
0 Sheard, C , -4 m J Phijatol OpUcs, 1922, 3, 126 
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Protocol One gm testis tnturited and suspended in 10 cc saline -ifter 
slight centrifugation, 8 0 cc of the uniform suspension were used for adsorption. 
Adsorption with buffered (pH 5 6) and unbuffered kaolin, left m kebos 24 
hours The contents of each of the 2 tubes were eluted with (I) 4 cc X/100 
NH4OH, or (II) 4 cc X/500 JfH40H Rabbits inoculated 11^23/33 Reactions 
recorded as — , +, ++, + ++, according to area of induration 


TABLE I 



Babbit 

reaction* 

Esbach 

Xmliydnu 

Supernatant fluid after adsorption 

(a) witli buffer I 

- 1 - 

+ 


(b) ” ” ir 

±1 

-h 

- 1 - + + 

(c) without buffer I 

~h 


-f-r+ 

(d) ” ” II 


-f 

-1-++ 

Eluate I 

with buffer X/TOO XHjOH 

-h 

+ 

- 1 — 1 "+- 

” ” X/500 

4" 

-h 

+++ 

without buffer X /100 ICH 4 OH 

- 1 -+ 

-h 

+- 1 - 1 - 

” ” X/500 ” 

4-4’ 

+ 

++-I- 

Eluate II 

with buffer X/100 IsH^OH 

- 1 -++ 

“4“ 

+-t- 

” ” ^/500 ” 

4-4-4* 


++ 

without buffer X/100 NH 4 OH 

- 1 - 1 -+ 

‘±_ 


” ” X/dOO 

4-4- 

± 

:h 

Eluate III 

with buffer X/100 XH 4 OH 


— 



” ” X 7 o 00 ” 

4-4- 

— 



without buffer X/100 XH 4 OH 

4*-i' 

— 


” ” X/oOO ” 

4-4- 

— 

— 


•Reading 4th daj after inoculation 


tions although it still contained active virus The second eluate 
contained the highest concentration of virus 

Evpcnmcnt 2 This experiment was designed to ascertain the 
amount of \irus eluted and the conditions most favorable for max- 
imum elution The original material as well as the respectu e eluates 
were titrated on the rabbit skin To overcome the error due to 
variations in susceptibilih of indnidual rabbits, a given dilution of 
each of the materials was inoculated into the same animal Each 
animal was thus inoculated on 6 separate points, 5 rabbits being used 
for the experiment This procedure also facilitated the comparison 
of the relatne intensity of the reactions to different eluates, making 
the results as nearl} quantitatn ely comparable as is possible in 
animal work Nitrogen determinations were made on all the ma- 
terials tested * 

It will be noted that the kaolin adsorbs about 80% of the pro- 
tein and nearly all the \irus It is also of interest that the first 
eluate contains most protein and is weakest m \irus, this is prob- 
ably due to the neutralization of the NHiOH by the buffer, thus 

•Tlie nitrogeu dt terminations were made by Dr Rosenberg 
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Protein-Free Suspensions of Virus VI Purification of Vaccine 
Virus by Adsorption and Elution 

I J KLI&LER 

From the Vepartmint of Hygiene oiid BactcrioJogy, Hebrew Unlversilpf 

Jerusalem 


It was shown' that b\ repeated elution with N/500 NH4(0H') 
from the same adsorliate it was possible to obtain a potent phage 
suspension which gave negative protein and nmhydnn tests and 
contained only 1 4 to 2 0 mg non-ammonia N per 100 cc of eluate 
In the present paper experiments are reported show'ing that it is 
possible with the same procedure to obtain an equally pure active 
suspension of vaccine virus 

Ttchniqiic An infected rabbit testicle is remoied on the 4th or 
5th da} after inoculation ground in a mortar with sterile glass, and 
saline added slowl} to gi\e a 10% tissue suspension After thor- 
ough trituration the tissue suspension is transferred to a centri- 
tuge tube and centrifuged slightly to remoie coarser particles The 
material is handled aseptically to avoid contamination during the 
preparation The heavy tissue suspension is then added to tubes 
containing 50% kaolin m saline, in the proportion of one part virus 
to one part kaolin suspension, thoroughly shaken, left in tlie icebox 
o\ ernight and then treated in the manner previously described * 
The following experiments illustrate the details ot the procedure 
employed and results obtained 

Eipcniiuiit I The suspension was prepared m saline and ad- 
sorbed in buffered and unbuffered saline suspensions of kaolin The 
adsorption w'as carried out m duplicate and each adsorbate eluted 
separately' The supernatant fluids after the kaolin adsorption as 
well as the indnidual eluates from the adsorbate were tested on 
rabbits by the injection of 0 1 cc of the material intradermally The 
results are summarized in Table I 

Vdsorption with kaolin remo\ed the greater part of the protein 
and virus from the suspension, and repeated elution wuth ammonia 
ultimately yielded a potent virus suspension w'hich gave a negative 
protein reaction The buffered kaolin adsorbed more completely but 
showed no difference in its response to elution The first and second 
eluates still gave positive tests for protein and ammoacids , the third 
eluate, how'ever, no longer gave positive Esbach and ninhy drm reac- 

1 Kligler, I J , and Olitzkl, L , JJnt J Exp Path , 1934, 15, 14. 
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Protein-Free Suspensions of Virus VI Purification of Vaccine 
Virus by Adsorption and Edution 

I J KLIGLEK 

From the Department of ITp^iene anJ Baefenoto^J/, Hebrew DniveraUp, 

Jerusalem 

It was show-n^ that by repeated elution with N/500 NHi(OH') 
from the same adsorbate it w'as possible to obtain a potent phage 
suspension which gave negati\e protein and ninhjdnn tests and 
contained only 1 4 to 2 0 mg non-ammoma N per 100 cc of eluate 
In the present paper experiments are reported showing that it is 
possible with the same procedure to obtain an equally pure actue 
suspension of vaccine \irus 

Tcchmqiu An infected rabbit testicle is remo\ed on the 4th or 
5th da) alter inoculation ground in a mortar with sterile glass, and 
saline added slowU to gue a 10% tissue suspension Alter thor- 
ough trituration the tissue suspension is transferred to a centri- 
fuge tube and centrifuged slightly to remove coarser particles The 
material is handled ascpticall) to avoid contamination during the 
preparation The hea\) tissue suspension is then added to tubes 
containing 50% Kaolin in saline, in die proportion of one part virus 
to one part kaolin suspension, thoroughl) shaken, leit in the icebox 
overnight and then treated in the manner previously described' 
The following experiments illustrate the details of the procedure 
emplov’ed and results obtained 

Experiment / The suspension was prepared m saline and ad- 
sorbed in buffered and unbuffered saline suspensions of kaolin The 
adsorption was carried out m duplicate and each adsorbate eluted 
separatel) The supernatant fluids after the kaolin adsorption as 
well as the individual eluates from the adsorbate were tested on 
rabbits bv the injection of 0 1 cc of the material intradermally The 
results are summarized in Table I 

\dsorption vvitli kaolin removed the greater part of tlie protein 
and virus from the suspension and repeated elution with ammonia 
ultimately jielded a potent virus suspension which gave a negative 
protein reaction The buffered kaolin adsorbed more completely but 
showed no difference m its response to elution The first and second 
eluates still gave positive tests for protein and aminoacids, the third 
eluate, however no longer gave positive Esbach and mnliydrin reac- 

1 Kligler, I J , and Olitzki, L , Bnt J Exp Path , ISSi, 13, 11 
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Protocol, Exp 2 Material not centrifuged before adsorption. Tissue emol 
aion 1/10 mned \sitli equal amounts of kaohn suspension. AU elutions made ivitb 
N/500 NS 4 OII B " Math buffer, IV ivitbout buffer 


TABLE II 



Sapernntant 

lluid 

Onginnl aftor 
material adsorptioa 

Eluates (undiluted) 
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B AV B W 

B W 

B 

W 

Babbit 

Test* 

+ + + 


(a) Teat of Virua 

+ 4 - +++ + ++ + ++ + + +4..1. 4. + + 


++ 

Non NDj 

N (mg %) 

280 

43 3 

33 4 

5 Id 9 1 4 72 G 31 

3 95 5 44 

2 68 

L04 

Esb icb 
Benction 

+ + + 

+ T- 

+ + 

+ + -*- 2: 

tr tr 



Kinhj driu 

Be iction 

+ + + 

+ + 

+ + 

+ + ± 2: 


— 
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(b) Titration of Virus 




Dilution 

listed 

Original Supimatant 
suspension Fluid 


Eluates 


I 

U 

m 

rv 

Rabbit 

1 

1 100 

-r + + 


4- 

4- 

+ 


) ) 

2 

1 1,000 

+ + 

it 

4" 

4-4- 

d-d- 

-fd- 

> » 

3 

I 10,000 


— 


4- 

d-d 

d-d- 

I t 

•i 

1 100,000 

+ 4- 

— 


4* 

-f 


f r 

5 

1 1,000,000 

4* 

— 

— 

dn 

d- 



• — , +, T-t-, + + 4- Indicate relatiio intensity of the reaction. The rabbit 
results are the r>.adiDga ou the 5tU day after inoeuUtiou. 


reducing; its eluting capacity The third eluate was the most potent, 
but the fourth eluate was still active m a 1 1,000,000 dilution, the 
highest dilution tested The protocol also brings out clearly the 
differences m the reactivity ot animals, tlie 1 1,000 dilutions pro- 
ducing milder lesions than the 1 10,000 

Experiment 3 The previous experiment was repeated with the 
purpose of carrying the dilutions to the maximum and comparing 
the virus content in the respective eluates with that m the original 
suspension The procedure was the same as before The results 
are summarized in Table III 

The titration experiments yielded paradoxical results The elu- 
ates were active in as high a dilution as the original tissue emulsion , 
at the same tune, m the lower dilutions, the reactions produced by 
the tissue suspension were more severe than those produced by the 
eluates The greater seventy of reaction produced by the original 
tissue suspension is asenbabie to the phenomenon observed by 
Duran-Reynals = The testicular extract increases the mvasiveness 


3 Baran Bsynals, S’ , Exp Me3 , 1929, 50, S27 
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A preliminary rough experiment, made August 20th, 1934, on a 
25 % suspension of normal yeast showed that the time of reduction 
of cytochrome was greatly accelerated by DNC, the time required, 
after aeration, for reappearance of the d band bemg reduced from 
27 seconds to 5 seconds After repeated confirmation of these re- 
sults experiments were conducted on starved yeast with DNC in the 
presence of a variety of substrates 

Typical results oi such experiments on starved yeast are presented 
m Tables I and II The procedure in each case was as follows A 
3 cc portion of a well aerated 17% suspension of Fleischmann ’s 
yeast in pH 6 Mcllvaine phosphate-citrate buffer was mixed with 
1 cc portions of the designated substrate, DNC, and buffer solutions 
to give a constant volume of 5 ca The final concentrations were 
Yeast 10%, substrate, 0 2%, DNC, SxlO^M for the experiments 
in Table I, and 6 2SxlO^M for the experiments m Table II After 
10 minutes reaeration, the effect was registered by noting the num- 
ber of seconds which elapsed prior to the reappearance of the strong 
d band Since the degree of acceleration effected by the DNC 
vanes according to the length of time that the suspension has been 
allowed to stand, controls with yeast and buffer alone and yeast and 
DNC and buffer were run at frequent intervals in the course of the 
experiments 


TABLE L 



Cysteine 

Succinate 

Glucose 

Pyruvate 

Lactate 


None 0S% 

None 

0 2% 

None 0^% 

None 0 2% 

Nona 

0 2% 

No DNC 

292 

272 

285 

243 

223 

63 

164 

65 

100 

93 

5xl0-«il DNC 

66 

58 

62 

53 

63 

27 

61 

56 

45 

49 


TABLE IL 


Cysteine 

Succinate 

Glucose 

Pyruvate 

Ijactate 

None 0^% 

None 

0 2% 

None 0^% 

None 0 2% 

None 

012% 

No DNC 422 303 

346 

297 

254 

89 

194 

104 

118 

96 

6 25XlO-5iI DNC 90 85 

89 

100 

91 

50 

88 

94 

86 

83 


The data show (a) that DNC greatly accelerates the reduction of 
cytochrome and (b) that only with glucose is the reduang ability 
of the combination equal to the sum of those of the individual agents 
Indeed, the pyruvate plus DNC and lactate plus DNC are no more 
efficient than DNC alone, although pyruvate and lactate both have 
a large reducing effect when used singly It may be noted that this 
inability of lactate to increase the reduction of cytochrome m the 




Observations on Cellular Oxidative Mechanisms Involved in 
r?uiitrophenol Stimulation of Respiration 

\I E KHAHE A\Ti G H A CLO\VES 

From the Lilly Sacarch Laboratories, Marine Biological Laboratory, Woods 
Mole, Massachusetts 


In an extensive investigation of the effect of dinitro compounds 
on tissue respiration and cell division, a point has been reached where 
It appears desirable to know more about the mechanism by which 
such compounds stimulate oxidative processes in the cell W e report 
here some experiments with 4,6 dimtro-o-cresol (DNC)* which in- 
dicate that dinitro compounds do not act on cell respiration either in 
the same way as methylene blue and other djes which are reduced 
b} the cell and re-oxidized b) molecular oxygen ‘ or in the same w’ay 
as dmiethvl-p-phenylene diamine, which is reduced by the cell and 
reoxidized by the mdophenol oxidase 

When the oxigen consumption ot sea urchm eggs is raised h) 
DNC to 400% of the normal,^ the R Q remains unchanged at the 
normal \alue ot about 0 93 We haie tound that DNC is not an 
autoxidizable catalyst for the oxidation of glucose or cysteine, e\en 
in the presence ot traces of metals or cMolyzed animal tissue We 
ha\e also tound with rat tissues and eggs of iniertebrate marine ani- 
mals that the action of DNC as a respirator) stimulant can be com- 
pleteh and re\ersibly blocked by c)anide Field, Martin and Field 
report similar results w ith cyanide on yeast * 

These facts indicate that DNC acts upon one or more of the 
cyanide sensitive oxidatn e chains in the cell These may be roughly 
divided into 2 classes (A) those depending for oxygen activation 
on Keihn's cyanide sensitive mdophenol oxidase, and (B) those in 
which the substrate is activated by an autoxidizable cyanide sensitive 
deh)drase'’ The mechanisms ciassinable under (B) do not act 
through c) tochrome, hence a distinction between the 2 classes can be 
made by stud)ing the effect of DNC on the rate of oxidation or 
reduction ot cytochrome in respiring cells 


* This compound la 2 hjdroity 3,5 diiutro benzene 

i Barron, E S G , J Biol Chem , 1929, 81, 445 _ 

-Keilm, D, Proc Boy Soc (London). B, 1929, 104, 20G, Eunnstrom, J, 

Frotoylasma, 1932, 15, S32 

3 Krahl, JL E , and Clowes, G A , Bwl Bull , 1934, 67, 33- 

4 field, J, 2nd, ilartin, A W, and Field, S M., Pkoc Soc Exp Biol, ano 

Med , 1934, ai, 997 

- Dixoii, it , Bwl Bev , 1929, 4, 352 
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Harve>/ using a cholec> stnephrostomy, produced ulcer in 17 out of 
43 animals Bollman and Alann" b> simply ligatmg the common 
ducts produced ulceration in about 60% In the experiments of 
Berg and Jobhng^ in which a Rous tjpe of fistula was used, ulcers 
resulted in 13 of 23 Kim and Ivy report 10% ulcers m one series* 
in which the common duct was tied, but 60% in cases of Rous 
fistula 

Besides the obvious acid factor, there is considerable e\ idence that 
other influences are at w ork Iv'y has suggested that the mechamcal 
irritation of the tubing near the duodenum maj be important On 
the other hand Elman has seen but few’ ulcers resulting from bile 
fistula alone Our own experience has been that simple duct liga- 
ture alone caused ulceration in numbers about one-half the rate 
usually suggested (60%), but that a veiy’ high percentage resulted 
from the Rous fistula which has proven very difficult technically m 
our hands Berg suggests that the general condibon of the dog is 
very important and tound that animals kept under poor hjgiemc 
conditions developed ulcer in 100% while those better cared for 
showed onlj 30% 

Usmg the Dragstedt cannula for making the biliaiy’ fistulas we 
have been surprised at the freedom from this comphcation. Twentj 
such expenments have been made and not a single ulcer has de- 
veloped, as evidenced either b> post-mortem examination or pres- 
ence of blood in the stools These ammals have been fed on various 
diets, some vv ith large amounts of meat and others vv ith high carbo- 
hydrate content Some have undergone periods of starvation and 
several had one or more exploratory laparotomies All had total 
fistulas m which no licking of bile occurred and all lost weight pro- 
gressively Several had lost as much as a third of bod} weight. 
Some liv ed over 5 months 

These expenences suggest that the general condition of the animal 
IS not the deciding factor It would be hard to find animals more 
cachetic than ours Diet is evidentl} not imponant In view of the 
fact that previousl} our bile fistula dogs prepared by cholec} stne- 
phrostomy or by Rous fistulas constantly developed ulcers, and 
that the inndence ot ulcer among duct ligature dogs was high, it 
seems suggestive that the onl} common tactor is concomitant liver 
damage In all the abov e t}’pes of operations, m our hands at lea-t 
there has been a progressive development ot degenerative and m- 

1 Kapsmfi B , Eagle, L P , and Harvev, S C , S G 0 , 1924, 39, 65 

- Bollmam and llann, P C , Arch Surg , 1932, 34, 126 

3 Berg, b\ ’d Jobling, J W , Arch Surg 1930, 20, 997 

^Iry, A c\ lulev, L X, Am J Surg, 1931, 11, 531 
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presence of DNC may account for the aerobic glycolysis which 
dinitro compounds produce in tissues “ 

In subsequent experiments with lodoacetate poisoned yeast, ear- 
ned out in the manner described above with AI/1500 lodoacetate in 
the pH 6 buffer, it w’as found that DNC g^ve no acceleration of 
cj'tochrome reduction even w'hen lactate or glucose was present 
Since others’ have observed that lodoacetate blocks the acceleration 
by 2,4 dmitro phenol of respiration m yeast, it is likely that some 
sulfhydryl containing enzyme system is essential tor the DNC ac- 
tion ® 

We have also found that such non-specific dehydrase poisons as 
sodium pyrophosphate and narcotics inhibit to a limited degree the 
reactivity of tissues to DNC stimulation 

From the evidence available we believe it likely that DNC stim- 
ulates cellular respiration by accelerating the oxidation by cyto- 
chrome of some substrate previously or simultaneous! v acted upon 
by the anaerobic deh) drases of the cell It is too earl> to sa^ whether 
DNC acts as a diffusible oxvgcn earner lietween cjtochrome and 
the substances nonnally oxidized or as an artificial substitute for a 
co-enzyme m the activation of substrates which do not normally 
plaj an important role m respiration We are continuing tliese 
studies with cell-free cytochrome and induiclinl dehvdrases in an 
effort to demonstrate the relation between the individual compo- 
nents of such a system, eliminating at the same time the complicating 
tactors connected with \anations in the permeability of the cell 
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Studies on Acholic Cachexia IV Relation of Biliary Diversion 
to Duodenal Ulcer Formation 


EDinXND A^tDREWS axd ARTHUR BISSELL 
from the Departminl of SurgeTy, The Unlicntty of Chicago 


The occurrence of peptic ulcer of the duodenum after the exclu- 
sion of bile has been noted with a wude variation in frequency and 
the factors concerned are not clearly understood Kapsinow and 


0 Dodds, E C, and Grenlle, G D , Mature, 1933, 132, 966, Dodds, E C , and 
GreviUe, G D , Lancet, 1934, 1, 395 

lEhrenfest, E, and Ronioni, E, Pkoc Soc Esp Biol, axd Med, 1933, 

31, 318 „ ^ „ 

» Dickens, P , Siochem J , 1933, 20, 1141, Miehaelis, L , and Schubert, M P , 

J Biol Chem , 1934, 106, 33L „ , ^ , 

.TTT-,. n from tho Jcssio Horfon Koessler Felioirship 
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about one-half hour before the first or control electrocardiogram 
Light ether anesthesia followed, tlien rib resection just to the left 
of the sternum to expose the pericardium, followed by artificial 
respiration and opening the pericardial sac by a 3 to 5 cm anterior 
incision There was an electrocardiographic control at each step 
The pericardium and chest were not closed again 

The chemicals used were liquids solutions, and solids (crystals, 
powders), the fluids m amounts averaging one cubic centimeter ap- 
plied at body temperature with a medicine dropper or camel’s hair 
brush so that pressure effects were absent The solids were dropped 
on lightly The initial application was made over the left ventricle 
just to the left ot the septum and above the apex Subsequent 
spreading of fluids was unavoidable 

The experiment was stopped if the dog went into shock, became 
asphyxiated, or developed ventricular fibrillation 

Electrocardiographic Results Controls These pro\ed to be \erj^ 
important The ST takeoff varied from -t-2 mm to — 1 mm and in 
lead II half the T wa\es were negative or diphasic Ether anes- 
thesia caused surprising transient voltage decrease, as veil as rate 
increase, and opening the pericardial cavity to atmospheric pressure 
and room temperature caused another voltage decrease (all leads) 
which did not tend to return to the control level 

Furthermore, the control ST segment was decidedly con\ex or 
concave in some cases, and about half the time, ST or T changed 
direction m at least one lead after ether anesthesia 


table I 

Substances Producing ST Elevation as the Cliief Result 


Alcohol (959c) 


Calcium Chlonde (7% 10% 
sol ) 

Ether (U S P ) 

Ethyl Chlonde (U S P ) 
Formic icid (XJ SJ? ) 

Hydrogen Peroxide 
(U SP ) 

Lactic Acid (1%) 

” ” (Cone ) 

Mcrcurochrome (Crystals) 

Potassium Chlonde 
(1% 10% sol ) 

Sohurn Chlonde (Crystals) 
Tincture of lodme (U S P ) 


ST rises starting m 12 seconds, uith return to nonnal 
in 1 minute In even greater rise occurred inth 
reapplication over an artery 
Marked ST rises withm one half minute, maximal in 3 
nimutes, then partial return to normal (Concen 
trations of less than 7% were ineffective) 

Marked sudden ST rise with sharp T inversion 
ST elevation and deep T waves 

ST rise in 10 seconds, starting towards normal in 1 
minute 

Transient ST and T change mure marked when ap 
plication was over an artery Voltage decre se 
Instantaneous ST elevation 
Rapid but not instantaneous ST elevation 
ST c’evations starting in 0 minutes, maximum in 15 
minutes 

ST rises similar to those from calcium chloride, and 
agreeing with Wiggcr’s results** 
iloderate ST elevation 

Similar to alcohol (Tincture of loduie contains 83% 
alcohol ) 
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fective changes in the liver parenchyma In the successful t>pe of 
Rous fistula (ours were usually failures) Elman found very few 
ulcers Berg's experience uas similar His smoothly fimctioning 
Rous fistulas developed manj ulcers ivhile the unsuccessful ones 
developed many 

It appears, therefore, that the deielopment of duodenal ulcer in 
the absence ot bile trom the intestine is partially dependent on some 
factor other than acid Possibly' tlie effect on the gastric motility of 
liver damage, as suggested by Still and Carlson/ is the deciding 
factor 


7626 C 

Electrocardiographic Studies of Chemical Pericardial Irritation 

ItOBERT S HER/OG • (IntroducL-d bj Louis Leiter ) 

From the LasLcr Eoiiiululioit /or Medical Scscarch and the Department of Uedt 
CHIC of the Umveritt;/ of Chicapo 

Pericardial effusions, clinical or experimental, maj result m elec- 
trocardiographic changes much like those of coronary occlusion or 
of ligation of the coronary arteries In experimental effusions, 
one must consider the effect of pressure and of possible chemical 
influence Indeed, Wiggers* has demonstrated bizarre ventricular 
complexes, similar to those of effusions, resulting from applying a 
few cubic centimeters of potassium chloride solution to the \isceral 
pericardium Hence it seemed desirable to study the effects of 
various bland and irritating chemicals under conditions to exclude 
any pressure factor 

Dogs were used, with preliminary morphine sulphate OOlo gm 

0 Kjjh, 1L S, and Iv^, A C, J .1 If A, 1931, 47, 1511 
“Elman, B, and Hartmann, A P, Arch 6urg , 1931, 23, 1030 
T StiU, K. 3 , and Carlson, A J , Am J Phys , 1929, 80, 34. 

* I am deeply indebted to Dr Louis Leiter and Dr Baunet Bav for ad ce 
during this work 

1 Smith, P , Arch Int Med, 1918, 22, 8 

2 Smith, P , Arch Int Med , 1920, 25, 673 

3 Smitli, P , Arch iat Med , 1923, 32, 497 

1 Barnes, A B., and Mann, PC, Am. Heart J , 1932, 7, 477 
3 Scott, B , FoU, H , and Katz, L , Am Heart J , 1929, 5, 68, 77 
“ Bay, E B , Gordon, W , Adams, W , Am Heart J 1933, 8, 625 
^ Harvoy, J , and Scott, J W , Am Heart J , 1932, 7, 53- 
s’Wiggors, C, Am Heart J j 1930, 5, 340 
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Studies of Chemical Peric\rdl\l Irrita.tiox 
TABLE II 

Subst ances Producing Complete Bm^dle Branch Block, 

Oil of Ooves (tr S ) Complete in 1 hour 

SandalvroodChl(UJSB) ” ” 28 seconds 

Turpentine ^ minutes 

(In each of these instances, the PB interval was unaltered, the evolution of tlie 
block was gradual, with no transitional period resembling arborization block.) 

TABLE HL 

Substauees Producing Aliscellaneous Kesults 

Ammonia Water Oicasional eitrasjstolea and slight ST changes 

(1% 10% V SB ) 

Barium Chloride Varying runs of eitrasystoles 

(1 o9t sol ) 

Chloroform (UBB ) Sudden, sharp, diphasic T wave 

Potassium Permanganate Slight QBS notching, diphasic T, and high P 
(0 1% soL) 

Silver Mtrate (20% soL) Temporary QBS widening, but after bilateral vag 

otomv extrasvstoles occurred, and after atropine, 
notlung happened, except the slower rate 
Sodium Carbonate (U S P ) Transient vcntncnlar tachycardia of tremendous 

voltage Inter, ST and T high. Still later, return 
to normal 

Sodium Hvdroxide Bizarre notchings of uncertain significance (Possi 

(10% sob) blv respiratorv variations ) 


(see lactic acid record on Plate 1) to an hour or more The changes 
with alcohol, calcium chloride solution, lactic acid, formic acid, 
sandalwood oil, and sodium carbonate crystals were some of those 
occurring within one minute 

It is interesting to note the variety of substances that were without 
significant effect (Table IV ) 

TABLE rv 

Substances Producing No Significant Re snlt 

Acetone (IT S P ) Normal Saline 

Chrvsarobin (crystals) Potassium Chlorate (5% sob) 

Ephednn Sulphate (3% sol ) Talc (U SB ) 

Glucose (U S P ) Tanme Acid (5% sob) 

Lactose (U SB ) Xylol (C P ) 

End Effects Some of the changes returned toward normal, 
others progressed into ventricular fibrillation, or nere not observed 
After several hours, it nas sometimes difficult to tell whether the 
effects observed were due to the original application, shock, or 
asphyxia 

Prehwinary Atroptmcation or Bilateral Vagotomy These pro- 
cedures gave important variations from the usual results in some 
cases (The average dose of atropine was 0 36 mg per kilo intra- 
venously) Thus, alcohol caused a marked ST rise which failed 
to occur after atropine Silver nitrate, which caused temporary 
w idening of the QRS resulted in extrasystoles after bilateral vagot- 
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Studies of Chemical Pericardial Irritation 


In a few instances, for control purposes, nothing was done for 
se\eral hours after opening the pericardium, there were no addi- 
tional electrocardiographic variations In about half the experi- 
ments the chemical was applied first to the intact parietal pericar- 
dium there was never any significant change Incidental!), lead II 
alone usually gave all the necessary information 

Affplicatiou to the Visceral Pericardium The most trequent 
change was a genuinel) significant rise m the ST interval, amounting 
at times to RT fusion, and substances quite different chemically pro- 
duced sim lar results (Table I and Plate 1 ) Complete bundle- 
branch block occurred 3 times, in each case w ith similar substances 
(Table II ) 

There was a group giving miscellaneous results (Table III ) 
The time of appearance oi the changes varied from instantaneous 
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bland and irritating chemicals to the visceral pericardium, with pres- 
sure factors absent, are described The chiet of these are marked 
ST elevations ot several tjpes, occurring quickly, bundle branch 
block, and the rant} ot eNtras> stoles The controls proved very 
important, and are emphasized 
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Effect of Mziximal Feeding on Metamorphosis in Amblystoma. 

FSAXCES DOBBIS (Introduced by B. G Harnson ) 

From Osborn Zoological Zaboratory, Yale University 

Twitty and Schwind' ha\e shown that in heteroplastic grafting 
betiveen the 2 species Amblystoma tignnum and A punctatum, com- 
parable results with respect to growth are obtained only when the 
hosts are all maintained at the same nutritional level, an effect ob- 
tamed by maximal feeding, thus insuring the rapidly growmg vora- 
aus tignnum lan-ae opportunity to realize their full capacity for 
growth The effect ot maximal feeding upon the more slowly 
growing species has not been emphasized, although various workers 
have noted that along with the spectacular acceleration of the growth 
rate, and a consequently earlier metamorphosis, there is a high mor- 
tality during the metamorphic period in maximally fed groups ot 
A pwtatatum, regardless ot the type of diet 

The present experiments were undertaken m order to show the 
results of quantitative variation m a single diet upon the develop- 
mental rate and viability oi A punctatnm from the earhest feeding 
stage through metamorphosis Tw'o hundred animals, taken from 
several bunches of eggs all at approximately the same stage of de- 
velopment, were reared trom stage 39 onward m separate finger 
bowls At the feedmg stage the ammals were divided mto 4 groups 
of 50 each The first 50 ammals w^ere starved, the second group 
given one feedmg w'eekly, the third fed 3 times a week, and the 
fourth fed maximally Enchy traeus, a small white worm, was used 
as the sole diet All animals w ere measured at approximately 2-week 
intervals, the total length being recorded 

Fig 1 shows the average groivth rate for each group The mm- 
unally fed larvae ate poorly had low vitality, and remained of ap- 

iTmttjs C, and Scbivuid, J L, J Fxp Zool , 1931, 59, 61, Twitty, V C, 
aod BUiott, H. A., J Exp Zool, 1934, 68, 247 
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omy, and in no change at all after preliminary atropine However, 
the ti'pical calcium chloride results were not prevented by atropine 
Unfortunately, the experiments in which the volatile oils (with their 
bundle branch block t\pe of curve) were used after prehminar} 
atropine, gave unreliable results 

Postmortem Obsenatwus Thirtj-tour hearts were autopsied 
None show'ed gross m\ocardiaI lesions, nor gross pericarditis Mi- 
croscopic sections w'ere made under and adjacent to the irritated 
areas m 9 dogs (in the experiments using formic acid, hvdrogen 
peroxide, potassium permanganate sol sandalwood ol soJium 
hydroxide sol , turpentine ammonia water mercurochrome crv'stals, 
and tincture of iodine) In the last 3 of these, tragmentation and 
loss of striation w'ere taken as e\idence of a muscle injury to a 
depth of 0 1 to 0 3 mm Otherwise there was no apparent muscle 
damage, pericardial injury was \ariable but slight 

Significance of the Changts Can one explain the chiet changes 
ST eleiation ot \arious types, and 3 instances of bundle branen 
block’ The experiments do not furnish proof but they do show 
that demonstrable muscle injury' need not be present to produce the 
changes described and suggest that the extracardiac nerxes maj be 
a tactor Of course the failure to find histologic eyidence of muscle 
injury does not preclude the possibility that the obserxed effect of 
certain substances (t g salts) depends upon absorption, and pas- 
sage ot ions between muscle fibers ^loreoxer, bundle branch block 
need not depend upon absorption There haxe been fairly numerous 
reports of transient bundle branch block, xx herein there xxas held to 
be no heart damage xxith increased xagal tone the factor respon- 
sible 

The question ot local or transient ischemia is not xvithm this dis- 
cussion It is certainl) questionable that anj ischemia occurred in 
the experiments here reported We note that alcohol or hydrogen 
peroxide applied oxer a coronarj’ artery gaxe results more marked 
than ox'er the muscle alone One possibility is that the arterial ap- 
plication produced constriction and ischemia, but it is just as reas- 
onable to assume increased reflex effects if the nerve supply is riche'" 
along the arterial course 

Summary The electrocardiographic results of applying various 

oWolIt, L, Parkinsbn, J , and White, P D, Heart J , 1030, 5, 085 

10 Faulkner, J M, Slid Chn of -V anu. 1932, 15, 907 

11 ^Tevrman, iX., Br Xfed J 1931, 3, llBl 

12 Carr, P B , Xeio £ng J , 1933, 200, 1101 ^ 

13 ilorria, B S , and McGuire, J , Am J Sled Set , 1932, ISi, 2 - 
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Fig 2 

Death rate in A punctaium 

had reached 50 millimeters This is the length at which metamor- 
phosis usually occurs, and 35% of the animals dying at this time 
were almost completely metamorphosed, with the gills reduced to 
short stiuups and the color pattern changed No maximally fed 
animals were brought through metamorphosis, although in the nor- 
mal group over 50% of the animals metamorphosed normally at 
about the 120th day 

This high mortality at metamorphosis in maximally fed A picitc- 
tatniii IS in complete agreement with the work of Twitty (personal 
communication) who has used this method of feeding for several 
seasons and with larvae from different localities It may also explain 
the failure of Patch’ to obtain metamorphosis in A punctatum fed 
on Enchytraeus These results indicate that maximal feeding is not 
practicable in this species except in the earlier larval stages 

3 Patch, E IL, Peoc Soc Exp Biol and Med , 1927, 34, 218 
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DAYS 
PlQ 1 

Growth rate in A j)uiif(olum 


proximately the same size the 75th day most of these animals 
had died, before the 90th day the group was extinct However, 
these animals survued a montli longer than the starved group, all of 
which died by the 45th daj Three feedings a week — marked as 
“normal” because they approximate the usual laboratory feeding 
schedule — were enough to maintain a growth rate roughly about 
one-half that of the maximally ted group The gro^vth of the latter 
group approaches that of TwitU s maximally fed ammals in both 
rapidity and ultimate size attained , the largest specimen was 57 mil- 
limeters long by the 60th day, as compared with 46 millimeters 
reached b) the largest normally ted animal b> the 120th day The 
average final size of the maximally fed animals is no greater than 
that reached by the same species m nature (Dempster*) but the 
growth rate is much more rapid and metamorphosis is earlier than in 


the tree-living specimens 

Correlated with the marked acceleration of the growth rate i 
maximal feeding was a high death rate, particularly in late larva 
stages Earl> larval deaths were apparently no more frequent in 
one group than in another In Fig 2 the percentage of sumvors 
IS plotted against time in dajs and the average bod> engt in mi 
hraeters is indicated m small figures for the maxima 7 
mall> fed groups The high mortality m the 
began after the ammals had reached an average l^gth 
meters with only 15% survivin g by the time the 

2 Dempster, W T , Sio? Bull , 1930, 37, 1S2 
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that tasting of injected substances does not presuppose excretion 
through the saliva 

Other observations indicative of central action may be summarized 
brief!) In dogs, oral doses of 100 mg Ag of ethyl chaulmoograte 
cause emesis in from 35 to 203 mmutes, allowing time for sufHcient 
absorption of chaulmoograte , vomiting does not relieve the nausea, 
and should the vomitus be re-eaten by the dog some time later, 
emesis does not then recur Na chaulmoograte in doses of 67 
mg Ag causes emesis in dogs in an average time of 120 minutes 
although gastric irritation must be considerably greater than with 
either ethyl chaulmoograte or chaulmoogra oil Dogs given emetic 
doses of chaulmoogrates every third day respond by vomiting more 
readily, conditioning of the response was ruled out by giving an 
equal dose of olive oil in gelatine capsules as a control In a dog 
\omiting within 35 minutes after an oral dose of 100 mg Ag of 
ethyl chaulmoograte, 0 01 mg Ag of atropine (sufficient to antago- 
nize quantitatively one minimal emetic dose of pilocarpine) delayed 
emesis to 85 minutes Two-tenths mg /kg of atropine delayed 
emesis to 180 mmutes, and if 0 2 mg /kg of atropine were given 
with 100 mg /kg of ethyl chaulmoograte and the same dose of 
atropine repeated once at 20, 40 or 80 mmutes no emesis occurs 
For cats the findings were essentially the same, oral doses of 75 
mg Ag of Na chaulmoograte brought about emesis in an average 
time of 83 minutes although administration of 100 mg /kg of 
eth-yl chaulmoograte produced extreme nausea but did not result in 
emesis in 7 of 9 trials with 6 cats even when given on the day fol- 
lowing administration of the same dose Tw'o of 9 cats so treated 
\omited in 65 and 87 minutes One hundred and fifty mg /kg of 
ethyl chaulmoograte produced emesis within an average time of 92 
mmutes in 6 of 6 cats Intramuscular administration of the stand- 
ard dose" of nicotine abolished the emetic response to ethyl chaul- 
moograte Agam, with dogs an emetic dose of morphine given one 
hour prior to 100 mg /kg of ethyl chaulmoograte prevented emesis, 
while an emetic dose of apomorphine, which does not have a second- 
ary depressing effect on the vomiting center as does morphine,^ given 
similarly did not prevent the emetic response 

Wmlermti, M , Deutach, J , and Burell, A , ifedis Kliml, , 1931, 27, 986 , 

1932, 28, 831, Tarr, L, Oppenhemier, B S, and Sager, R V, Am Heart J, 

1933, 8, 766 

“ Hatcher, R A , and French, B S , J Pharmacot and Exp Therap , 1932, 
40, 97 

■ Leake, C H , J Pharmacol and Exp Therap , 1922, 20, 359 
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Mechanism of the Emetic Action of the Chaulmoogrates ^ 

GEOBGE aV. EMERSON (Introduced by C D Leake ) 

From the Pharmacological Laboratory, University of California Medical School, 

Saa Francisco 


Read* recently has cast doubt upon the finality of evidence pre- 
viously advanced by himself- and others’ as to the central emetic 
action of chaulmoogrates The possibilit} of sufficient salivary 
secretion of chaulmoogrates to bring about local gastro-enteric irri- 
tation and reflex emesis negates conclusions drawn from observed 
effects of parenterally administered chaulmoogrates It thus appears 
desirable to establish by criteria other than taste alone whether or 
not chaulmoogrates are present in sain a following therapy and also 
to stud} the nature of the emetic effect further 
Absence of rapid racemization oi d-chaulmoogric acid in the 
body has been shown by Walker, MacArthur and Sweeney * In the 
present experiments no traces of d-chaulmoognc acid were found 
polanscopicallv m ether-alcohol extracts of 5 to 10 cc acidified 
sain a samples of dogs, cats and a human volunteer taken after oral 
administration of gelatine capsules of chauimoogric acid in doses 
of 10 to 100 mg /kg as the strongly dextrorotator} Na salt or ethjl 
ester Concentrations to be effectne tit vtvo in producing emesis 
w'ould presumably exceed the 0 001 to 0 01 M solutions of Na chaul- 
moograte w'e ha\e found active in stimulating isolated rabbit duo- 
denum Assuming a daily flow ot 1400 cc of saliva for a human, 
approximately one-fifth of the administered dose of 10 mg A? 
must then be excreted by tlie sain ary glands to maintain a concen- 
tration of 0 01 M Na chaulmoograte m the saliva for one hour, 
w'hich in itself appears improbable Further, it is generally accepted 

* Part of a io6pcrati\c atudj of tin. ohcuioiberapi of leprosy conducted by 
the Pacific Institute of Tropical Medicine witbiu the Hooper Foundation for Med 
ital Reaturth, and tin. Pharuiacologii il Laboratori of the Cniversiti of California 
Mcdital School, San Francisco 

1 Read, B E, Internat J Ley, 1933, 1 , ddS 
- Re id, B E , J Pharmacol and Exy Theraii , 1924, 24, 221 
JLissncr, 11 H, Am Sei Tuberc , 1923, 7, 217, Schwarz, L, Z 
Genussm, 1911, 2i2, 441, Valenti, A, Archiv di Farmacol sper e Sou off , iWb 
24, 23 

■> Walker, E L, MacArthur, C G, mid Sneenev, M -V , Trans Not Tuberc 
Issn 1923, 553 
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adrenalin To date we have been able to demonstrate sphincter 
relaxation with so small a dose as 1-400,000,000 and a sphincter 
contracture with the minute dose of 1-1,000,000,000 of histamine 
We suggest the study of the ins sphincter strip as a probable tissue 
for biological assay as well as its adoption in pharmacological lab- 
oratory teaching 
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Pharmacology of Inflammation III Influence of Hygroscopic 
Agents on Irritation from Cigarette Smoke * 

MICHAEL G MULINOS and EAYMONH L OSBOBNE 

From ihe Department of Pharnuicology, College of Physicians and Surgeons, 

Columbia Dniversitg 


We herewith report a successful attempt to measure objectively 
the irntant properties of cigarette smoke We used the conjunctival 
sac of rabbits according to the technic ot Hirschhorn and Muhnos ' 
In Fig 1, smoke from the burning cigarette which is protected from 
drafts by a jacket h, is passed by way of the ammonia tube g, 
through 3 cc of water, saline or Ringer solution, at room tempera- 
ture (21 to 30°C ), and at 37 S'’C maintained by artificial means, 
by immersion of cylinder f, in a water bath A few experiments 
were performed using light mineral oil as a solvent for the smoke 
By means of a filter pump, tube e sucks air through the cigarette and 
through the funnel-stopcock system b The tipping bucket a emp- 
ties water into the funnel, temporarily preventing ingress of air 
This sucks air first through the cigarette and then the solution The 
water drops to the bottom of the cylinder and leaves through tube d, 
by gravity When the tube b, becomes free from water, all the air 
sucked through the system goes through this tube, and none through 
the cigarette This cycle yields a puff, 100 of which averaged 24 3 
cc with the limits of 21 to 28 cc , and which requires 15 seconds to 
complete, 4 seconds of which are taken up by suction through the 
cigarette It requires 15 minutes or 60 puffs to smoke one cigarette 
Through each 3 cc of solution is drawn the smoke from 5 cigarettes 
in order to insure saturation 

* Tlua research was made possible through a grant by Philip Morns A Co , 
Ltd , Inc 

1 Hirschhorn and Mubnos, Pnoc Soc Esp Biol, anp Med , 1930, liS, 168 
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Isolated Sphincter for Biological Testing 


In a human volunteer S mg /kg of ethyl chaulmoograte adminis- 
tered orally m a gelatin capsule was tolerated with some nausea 
but no emesis, while 10 mg /kg brought about emesis in 63 minutes 
Dr H I Cole has told us that he has observed patients tolerant to 
S cc , or about 100 mg /kg of ethyl chaulmoograte after taking 
this agent orally tor some time 

A.mong the many peculiar pharmacological actions of Cannabis 
sativa IS Its role in the Tai-F ong-Chec oral method of administering 
chaulnioogrates recommended by Travers * Traiers reports a mix- 
ture of 2 parts of powdered Hydnocarpus nut and 1 part of Cannabis 
iiic/ico to be well tolerated by humans We have found 5 of 5 cats 
tolerate 200 mg /kg of ethyl chaulmoograte it 100 mg /kg of 
fluid extract of Cannabis is guen simultaneously or previously' 
Suuiinary Evidence is presented indicating that the emetic effect 
of the chaulnioogrates is central The action ot Cannabis atropine 
and morphine m abolishing the emetic response in dogs and cats is 
reported 
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An Inexpensive Tissue for Biological Tcsbng 

F P \ONKMAN i\D AUCI B mCHAlUls (Intn.duud V W Kowe ) 

trom the Vc;i<irtiiuiil of Pharmacology, Poiloii I lUienily School of Mediciite, 
and the icians J/t mortal of tlie ^InnsachnstttH Mnuonal Uo*>p\tolSt Boston 


For some time we have been interested in reactions ot the ins to 
\anous reagents and ha\e obsen'ed that a strip of sphincter pupiliae 
of the steer ins affords an excellent preparation tor studying the 
effects ot many drugs on unstriated muscle and its innervation We 
suggest the adoption of this tissue for pharmacological studies be- 
cause of its inexpensiveness, certainty and sensitivity of response, 
availability at any abattoir and its viability even after 3 to 7 hours 
post mortem Precaut ons regarding preparation ot ms strips are 
given elsewhere ’ ' 

Besides demonstrating the antagonistic relaxing action of various 
concentrations of atropine against sphincter contraction by physos- 
tigmine one is able to produce opposite effects with histamine and 

s TmverB, E A O , Froc Jioy ^oc Med , 1926, 10, 1 
1 Hiller, G H, J Pliurm and Exp Therap , 1926, 28, 219 
- Yonkman, Pi,/ Pharm anti Exp Therap , 1930, -tO, 195 
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adrenalin To date ■we have been able to demonstrate sphincter 
relaxation with so small a dose as 1-400,000,000 and a sphincter 
contracture with the minute dose of 1-1,000,000,000 of histamine 
We suggest tlie study of the ins sphincter strip as a probable tissue 
for biological assay as well as its adoption in pharmacological lab- 
oratory teaching 


7630 C 

Pharmacology of biflammation III Influence of Hygroscopic 
Agents on Imtabon from Cigarette Smoke 

MICHAEL G MULIXOS anc BAYMOXB L. OSBOBXE 

From the Department of Fharmacology, College of Physicians and Surgeons, 

Columbia Uniiersity 

We herewith report a successful attempt to measure objectneI> 
the irritant properties ot cigarette smoke We used the conjunctn al 
sac of rabbits according to the technic of Hirschhorn and Mulinos ' 
In Fig 1, smoke trom the burning cigarette which is protected trom 
drafts by a jacket Ii, is passed by ua> of the ammonia tube g, 
through 3 cc. ot water, saline or Ringer solution, at room tempera- 
ture (21 to 30'C ), and at 37 5°C maintained b> artificial means 
b> immersion of cylinder f, m a water bath -k tew experiments 
W'ere performed using light mineral oil as a soKent tor the smoke 
By means ot a filter pump, tube e sucks air through the cigarette and 
through the funnel-stopcock system b The tippmg bucket a emp- 
ties w'ater into the funnel, temporarilj preventing ingress ot air 
This sucks air first through the cigarette and then the solution The 
water drops to the bottom of the cylinder and leaves through tube d, 
by gravity When the tube b, becomes tree from water, all the air 
sucked through the system goes through this tube, and none through 
the cigarette This cycle yields a puff, 100 ot w'hich averaged 24 3 
cc. with the limits of 21 to 28 cc , and which reqmres 15 seconds to 
complete, 4 seconds of w'hich are taken up by suction through the 
cigarette It requires 15 minutes or 60 puffs to smoke one cigarette 
Through each 3 cc ot solution is drawn the smoke from 5 cigarettes 
m order to msure saturation 

* Thia research waa made possib’e through a grant by Philip Morna i Co , 
Ltd-, Izic 

1 Hiraclihoni and Mulinoa, Pkoc Soc Exp Biou ajh) Med , 1930, 28, 16S 
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Irritation from Cigarette Smoke 



Pio 1 

Apparatoj used to puff smoke through the 3 cc of fluid in the test tube in jacket/ 

In order to avoid the interference of too many factors which are 
of necessit} inherent in the problem we have limited this first in- 
vestigation to the influence of the 2 hygroscopic agents usually em- 
ployed m the manufacture of cigarettes These are glycerine and 
di-ethylene-glycol These hygroscopic agents are deemed necessary 
to maintain the proper moisture content of the cigarette It is pos- 
' sible that these chemicals may offer some interference with the com- 
bustion ot the tobacco, or through their own combustion add quali- 
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Fio 2 

At 0 , 20 cigarettes of each ranetc were placed under the conditions noted on 
the chart 

ties to the smoke which are not present when the tobacco itself is 
burned 

Through the splendid cooperation of Philip Jilorris & Co , we 
obtamed the necessary limitation of factors to make the im estigation 
worth while Under our personal supervision they prepared a batch 
of tobacco which was treated with the usual casing mmus any hi gro- 
scopic agent This v\as divided into 3 parts, to one was added 


2 4 Ikrit\tiov trom Cigarette Smoke 

2 74% cli-ethylene-givcol, to another 3 65% glycerine, and to the 
third nothing. From each of these, cigarettes were made in the usual 
manner The above amounts of hygroscopic agents have approxi- 
mately equivalent water holding powers, as is shown in Fig 2 and 
are those ordinarily used m the manutacture of cigarettes , In addi- 
tion we obtained some ot the same tobacco to which we added sub- 
sequently 1, 3 and 5% of each hygroscopic agent 

The cigarettes were smoked under controlled conditions of hu- 
unditv and also wnth many' variations m the water content of the 
cigarettes trom very low' (dried over phosphorus pentoxide), to 
very wet from standing over w'ater for various periods of time 
(Fig 2 ) However, these variations in the water content of the 
cigarettes had no demonstrable effect upon the irritating property of 
the cigarette smoke 

Two to 3 drops of the fluid through which had been sucked the 
smoke from 5 cigarettes were instilled into the conjunctival sac of 
each of 3 rabbit? The degree of blepharospasm and the amount of 
objection by' the animal w'ere noted At 2 minute intervals the con- 
dition of the conjunctival mucous membrane was noted, and the 
edema and redness compared with that of the opposite untreated 
eye in Fig 3, the edema is reported as from plus to 4 plus 
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Frequenev curve sliocving the distribution of the degree of edema in each 
cipcriuicut 


Results Fig 3 is a distribution curve of all the experiments per- 
formed It is obvious that the cigarettes which had been made with 
di-ethylene-glvcol as hygroscopic agent proved to be less irritating 
than those w ith no hygroscopic agent, and much less irritating than 
those with glycerine 

The solutions of the cigarette smoke w'ere all acid to litmus, but no 
attempt was made to determine whether the acidity could account 
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2 74% di-ethylene-gl) col to another 3 65% glycerine, and to the 
third nothing. From each of these, cigarettes were made in the usual 
manner The abo\e amounts of hygroscopic agents have approxi- 
niatel} equivalent water holding powers, as is showm in Fig 2, and 
are those ordinarily used m the manufacture of cigarettes In addi- 
tion we obtained some of the same tobacco to which we added sub- 
sequently 1, 3, and 5% of each hygroscopic agent 

The cigarettes w'ere smoked under controlled conditions of hu- 
midity , and also with many variations m the water content of the 
cigarettes trom very low (dried over phosphorus pentoxide), to 
very wet trom standing over water for various periods of time. 
(Fig 2 ) However, tliese variations m the water content of the 
cigarettes had no demonstrable eftect upon the irritating property of 
the cigarette smoke 

Two to 3 drops of the fluid through which had been sucked the 
smoke from 5 cigarettes were instilled into the conjunctival sac of 
each of 3 rabbit} The degree of blepharospasm and the amount of 
objection by the animal were noted At 2 minute intervals the con- 
dition of the conjunctival mucous membrane was noted, and the 
edema and redness compared with that of the opposite untreated 
eye In Fig 3, the edema is reported as from plus to 4 plus 
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Results Fig 3 IS a distribution curv^e of all the experiments per- 
formed It is obvious that the cigarettes which had been made with 
di-ethylene-glycol as hygroscopic agent proved to be less irritating 
than those w ith no hy groscopic agent, and much less irritating than 
those with glycerine 

The solutions of the cigarette smoke were all acid to litmus, but no 
attempt was made to determine whether the acidity could account 
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